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This issue of JOURNAL OF METALS is in Two Sections 
Magazine Transactions Section 


COVER 


Cover designer Naomi Lazard has chosen pilot plants as her theme for this month's 
cover. Two articles dealing with the principles and execution and design of pilot 
plants are presented on pages 1353 and 1359. Also presented in this issue on page 1367 
is part 3, the concluding part, of Blast Furnace US. A 


FEATURES 

Personnel 1320 AIME News 1389 
Books 1324 Personals 1393 
Reporter 1335 Coming Events 1396 
Editorial 1350 Advertisers Index 1396 


ARTICLES 
Fundamentals of Scale Model Experiments W. O Philbrook 1353 
Design of Pyrometallurgical Pilot Plants RC Buehl 1359 
The Paris Sintering Conference: A Summary ) Astier 1363 
European Metallurgical Research—Fundamental to the Coal 

and Steel Community FW. Starratt 1365 
Blast Furnace U.S.A. M. O. Holowaty and C. M. Squarcy 1367 


TRANSACTIONS 


Electrolytic Preparation of Thorium Metal 
RC. Raynes, J. C. Bleiweiss, M. E. Sibert, and M.A. Steinberg 1373 


Asarco’s New Electrolytic Plant at Corpus Christi, Texas 
A.C. Jephson and R. E. Allen 138) 


Dissolution of Pyrite Ores in Acid Chlorine Solutions 
M_ Sherman D WH. Strickland 1386 


TECHNICAL NOTES: On Complex Formation in the System 
Na. Forland 1380 


Mass Spectrometric Examination of Anode Gases from 
Aluminum Reduction Cells Henry and D Holliday 1384 
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James G. Goodwin (Penn State '51), Senior Engineer in the Special Materials Section of Bettis Atomic Power 


Division, on left, examines a completed weld made on the central thimble tube. Mr. Goodwin directed the program 
irradiation studies. Richard M. 


to develop the proper process for fabricating Zircaloy-2 Pressure Vessel for 
Lieberman (Lafayette '52), Associate Engineer in the Loop Design and Operation Group, checks voltage and 


amperage records of the welding performance. 
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METALLURGICAL PROCESS DEVELOPMENT 


Fabrication of Zircaloy-2 Pressure 
Vessel for Irradiation Studies 


To test fuel elements being developed for a_pres- 
surized water reactor, engineers at Bettis Atomic 
Power Division have constructed an in-pile loop 
capable of sustaining fuel element temperatures and 
heat output conditions which approximate and even 
exceed actual reactor operating conditions. Stainless 
steel had been used for such loops. However, since 
increased neutron efficiency was desired, considera 
tion was given to materials with lower neutron cross 
sections. A zirconium alloy (Zircaloy-2) was selected 
as an alternate material because, in addition to low 
thermal-neutron absorption, it has excellent corro 
sion resistance to high temperature water. 

After Richard M. Lieberman, Associate Engineer 
in the Loop Design and Operation Group, designed 
the tube, James G. Goodwin, Senior Engineer in the 
Special Materials Section, directed a program to de 
velop the proper process for fabricating the appara 
tus which was to be capable of withstanding 2500 
psi internal pressure at 650°F. The vessel, construct- 
ed from a tubular extrusion (4.520 in. OD x 3.136 
in. ID x 22 ft % in. long) was one of the largest 
single items ever manufactured from Zircaloy-2 and 
involved problems in four major areas: extrusion, 
machining, welding, and corrosion resistance. 

Several problems were anticipated in extruding 
the tube. First, the severe galling tendency of Zirca- 
loy created lubrication problems particularly on the 
tube ID. The long extrusion billet and the relatively 
small ID of the tube introduced problems concerned 
with the strength of a long, thin mandrel under the 
severe tensile forces of extrusion. Because of the 
small amount of metal cleanup allowed for the ID 
due to mandrel diameter limitations, good concen- 
tricity of the extruded tube was mandatory. 

In order to straighten the 22 ft tube for accurate 
and precise machining, cold deflections of up to 
7 in. were required. 

The problem of producing sound welds included 
the need for complete penetration at the weld joints 
and rotation of the massive unit at a uniform speed 


Closeup of closure for Zircaloy in-pile tube. 


during filler metal additions. Since contamination 
with air during welding would have produced brittle 
and corrodible welds, the tube had to be welded in 
an inert atmosphere. 

‘To insure corrosion resistance of the finished tube, 
a layer of disturbed metal formed on the Zircaloy 
during machining had to be removed by etching 
The configuration of the tube created difficulties in 
maintaining dimensional tolerances during the pro 
cess and in removing all traces of corrosive acid 

The completed tube was installed in March, 1957 
and has been operating continually in a large test 
reactor. During this development project, close tech 
nical cooperation was maintained throughout by 
Bettis and the test reactor personnel on design, fab 
rication and evaluation of the tube 

This is only one example of the challenging work 
conducted here. We welcome inquiries from metal 
lurgists interested in the excellent careers offered by 
the new and growing nuclear power industry. Please 
send your résumé to: Mr. M. J. Downey, Bettis 
Atomic Power Division, Westinghouse Electric 
Corporation, P.O. Box 1468, Department A211, 
Pittsburgh 30, Pennsylvania 


BETTIS ATOMIC POWER DIVISION 


Westinghouse 
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PERSONNEL 


| NE tollowing employment items are made 
available to AIME members on a non 
profit basis by the Engineering Societies Per 
(Agency) operating in 
cooperation with the Four Founder Societies 
Local offices of the Personnel Service are at 
8 W 40th St, New York 18, 100 Farnsworth 
Ave, Detroit, 57 Post St, San Francisco; 84 
E Randolph St, Chicago 1. Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 
im stamps for forwarding and returning appli 


sonnel Service, Inc 


cation The applicant agrees, if placed in a 
position by means of the Service, to pay the 
placement tee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $350 a quarter, $12 a 
year 


MEN AVAILABLE 


ig continuou 


ie half years in charge of develop 
casting nonferrou 


metallurgy, one year assistant 


tion research, three year associate 
director, alun foun- 


dry. Prefer foreign location. M-168- 


earch director in charge of produc 


ferrous alloy 


441-San Francisco 


lurgical Engineer 


pli ation 


econsidel 


Xperience 


- POSITIONS OPEN — 


Metallurgical Engineers. a) Metal- 


junior, to 


hemical or metallurgical engineer 
ig degree, with four to seven years 
in lead and/or zine ap- 
technology desired; will 


production 


Dutic will include development 


f 


ro new product et 


markets and outlets for non- 


rrous products by 


experience 


finding new ap- 
heation in the consuming indu 
determine needs of consumer 
Salary, $6000 


to $9000 a year. b) Metallurgical 
Kesearch- Development Engineer, Engineer, senior, to 45, chemical 
eta woductit ‘ 
production ige 40, B.S. fron metallurgical engineering degree, 
University of Minnesota in chemical vith six to ten years experience 
CHG Twelve ears exper! lead and/or zine application tech- 
chief metallurgist in charpe nology will consider production 
f research and production, two and perience Dutie as above Salary, 
if IMMEDIATE OPENING 
@ CRUCIBLE STEEL COMPANY OF 
tr AMERICA 
Central Researct aboratory 
AIMI Pittsburgh, Pennsylvania 
CERAMIST 
ed degree nm cerarr 
— © pt nistry ipled with at 
‘ t te exper « nm retra 
‘ woer et magnetic 
, LTA no et t firect haltenging re 
‘ ‘ pr € these field 
‘ ew nplete fidence 
ble ang A f America 
) x HA 
Ainal Pitt 3 Pennsylvania 


} Additional classified advertis- 
ing appears on pages 1318, 
1319, 1322, 1324, and 1325. 


$9,000 to $12,000 a year. Location, 
New York. W5327 

Metallurgist, with a few years ex- 
perience, for gravity separation lab 
oratory. Salary, open. Location, Flor- 
ida. W5309(b) 

Metallurgical Engineer, BS. or 
MS. in physical metallurgy. Two to 
five years experience preferred in 
petroleum refinery corrosion prob- 
lems or similar field. Will conduct 
major refinery corrosion investiga 
tions and studies and to aid in selec- 
tion of metals involved in continuous 
development work on companywide 
design, construction, and purchasing 

pecifications and standards. Com- 
pany pays placement fee and certain 
moving cost Location, Southwest 
W 5306 

Sales Representative for Europe, 
35 to 45, for large corporation; chem 
ical engineering background with 

ome experience in nuclear, petro- 
chemical, or metallurgical fields 
Salary, $16,000 to $20,000 a year 
Most of time will be spent in Europe 
F5298 

Research Metallurgists, with BS., 
MS., or Ph.D. degrees, with up to 
five year research experience, to 
perform research work. Salary, to 
$12,000 a year. Location, Pennsyl- 
vania. W5295(b) 

Development Metallurgists, B.S. in 
metallurgical engineering, with three 
to five years industrial experience, 
to investigate manufacturing prob- 


(Continued on page 1322) 


X-RAY 


Liberal salaries and em 


Permanent Positions wi 


EXPANDING 


METALLURGY 


Preterred Orientation, 
Phase Identification, 
Transformation, and spe 
cial problems 


PHYSICAL 
METALLURGY 


Alloy Development, Con 
stitution, and properties 


MECHANICAL 


ployee benefits 
Locations: Southern 
Connecticut and Midwest 
We are interested in ap 
plicants at all levels of 
expenence 
Write to Mr. T. F. Burns 
Employment Manager 


BRIDGEPORT 
BRASS CO. 


HHASS 
Bridgepor 
Development of metal 
working techniques and 
correlation with properties 
30 Grand St. 
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Bridgeport 2, Conn. 


ORGANIZATION 


In non-ferrous products 
offering excellent oppor 
tunities for advancement 


PROCESS 
METALLURGY 
Pilot development of new 
alloys and processes, spe 
cial orders, quality control 


PROCESS 
ENGINEERING 
Mechanical and economic 
aspects of non-ferrous 
strip, rod, and tube mill 

operations 
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METALLURGISTS 


Recent graduates with less 
than three years experience 
wanted for research on 
Silicon Steels 
High Temperature Alloys 
Permanent Magnet Materials 
Constructional Alloys 
Stainless Steels 

Crucible Steel Company 
of America offers challeng- 
ing problems, opportunities, 
job security and comprehen 
sive fringe benefits through 
its alert, aggressive manage- 
ment 

Send complete resume to 


Mr. J. E. Harris 
CRUCIBLE STEEL 
COMPANY OF AMERICA 
P. O. Box 88 
Pittsburgh 30, Pennsylvania 
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Model 
U-11 


1195 


BINOCULAR MODEL only $1379 


UNITRON METALLOGRAPH and Universal Camera Micro- 


scope, Model U-Il: A completely self-contained instrument of 
modern design for visual observation, photography, projection 
and measurement of both opaque and transparent specimens, 
using bright-fleld, dark-field or polarized illumination. While 
compact in size, it duplicates the performance of large, cumber- 
some instruments. Even laboratories on a limited budget can enjoy 
the accuracy, speed and efficiency possible only with a complete 
installation of this type. 


> Standard optics include 5 porfocal objective lenses with 
revolving nosepiece, 4 photographic eyepieces on a revolving 
turret, 3 visual eyepieces, all coate Magnification range 
25-2000x 

> High-intensity illuminator with variable transformer built 
into the microscope base 

> Built-in 34" « 414" camera. The imoge is ovtomatically in 
focus in the camera and transition from observation to pho 
tography is instantaneous 


- Calibrated squore mechanical stage with calibrated rotatable \ 
stage plate 

> Calibrated polarizing apparatus, transmitted light accessories \ 
for transparent specimens, filters, micrometer eyepieces, film 


holders, cabinets, dustcovers, etc. all included 


Additional accessories, available at extra cost include: 
Polaroid Land Camera attachment for ‘'60-second”’ | 
raphy; 35mm comera attachment; low power (5-40XK) 
objectives; vacuum heating stage for temperatures to 1100°C 


THIS COMPLETE CATALOG ON UNITRON 
MICROSCOPES IS YOURS FOR THE ASKING 


FREE 10 DAY TRIAL 
on any UNITRON MICROSCOPES... 


Let the instrument prove its value to you — in your 
own laboratory before you decide to purchase. 


‘These typical 17 ‘together took 71 


Here are 17 discriminating buyers 
prove complete satisfaction with these UNITRON instruments. 


MINNEAPOLIS HONEYWELL 
UNION CARBIDE & CARBON 
MISSOURI SCHOOL OF MINES 
REYNOLDS METALS 

GENERAL MOTORS U. S$. GOVERNMENT 
GOODYEAR ATOMIC UNIV. OF CINCINNATI 
8. UNIV, OF WASHINGTON 
1. T. WESTINGHOUSE ELECTRIC GA. 


AMERICAN BRASS 
CARNEGIE INSTITUTE 
E. 1. DU PONT 
GENERAL ELECTRIC 


Model MEC 


$399 


BINOCULAR MODEL only $599 


UNITRON INVERTED Metallurgical Microscope, Model MEC: 
Many of the features of the UNITRON Metallograph U-11, which 
are connected with visual observation of opaque specimens, are 
included in this compact unit. Think of the time which can be 
saved in your laboratory by providing each metallurgist with 
one of these handy, inexpensive units for use at his desk. Model 
MEC is also ideal for use together with a polisher of micro- 
hardness tester 


> Standard optics include 4 parfocal objective lenses: 5%, 
10X, 40X, 100K oil immersion on revolving nosepiece; 3 eye 
pieces: Micrometer 10%, Kel5X, all coated. Magnifi 
cation range 25-1500K 
Vertical illuminator with iris diaphragm Transformer housed 
in microscope base. A microswitch on the base provides an 
extra high intensity for photography 


. Binocular model has provision for attaching J5mm camera 
to microscope base. A 35mm camera attachment is available 
to attach to the eyepiece tube of the monocular model 


Calibrated square mechanical stage with calibrated rotatable 
stoge plate 

Calibrated polarizing opporatus, 5 filters, dustcover, cabinet, 
etc. all included 


Additional accessories available at extra cost include: J5mm 
camera attachment; K20K eyepiece for 2000%, transmitted 
light accessories for transparent specimens, vacuum heating 
stage 


UNITRON 
Please send me your complete coteleg on UNITRON Microscopes. 
Name ond Title 
Compony 
Addrew 
City Stote 
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Personnel 


(Continued tro 


METALLURGICAL 
ENGINEER 


(Section Head) 


Located near Sacramento, Cal 
ifornia, the area affords the 
combination of excellent cli 
mate and outstanding recrea 
tional facilities 


U.S. Citizenship Required 


Send Resume To 


H. RALPH TODD, JR 


Director, Screntitic & Engineering 


Placement 


AEROJET - GENERAL 
CORPORATION 


P O Box 1947 


Sacramento, California 


A subsidiary of the 


General Tire & Rubber Company 


All applicants must be 
citizens. Location, New Eng- 
land. W529] 


Engineers. a) Proce Engineers 
anical graduates preferred, but 
ling or metallurgi- 
jigs and fix- 

new core 

ms and pro- 

i embly Produc - 
Proce Eng neers 
iring department, 


PROFESSOR WANTED 


MMEDIATE OPENING 
CRUCIBLE STEEL COMPANY OF 
AMERICA 


entral Researct 


Pittsburgh, Pens 


MECHANICAL ENGINEER 


METALLURGICAL OR 
CHEMICAL ENGINEER 


Gilbert £. Wermert 
American Metal Company, Ltd 
61 Broadway, New York 6 


The Newest Frontier — 
Ultra High Tempe ‘atures 


NEEDED: l he eneinecr w he ean 
prove a real grasp of the funda 
mentals of screnee, and whe can 
rapidly to a new field 
bormal training might be in en 
gineering mechanical 
engineering, electrical engineer 
ing, or metallurgy 

FOR: Work with the jet flame of 
the high intensity electric are 
This new tool is vital im the eve 
lution of ultrahigh temperature 


materials and processes 


WHERE: A modern laboratory 
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the pioneer in the field 
WRITE: Manager of Researe h. 
Speedway Laboratorie- 

Linpe COMPANY, Division of 

€ nion Carbide Corporation 
P.O. Box 823 


Indiana 


Indianapolis 24, 


metallurgical engineers 
but will consider mechanical o1 
welding. Will interpret plans and 
pe prepare material and labor 
write 


preferably 


estimate 


ummarize data; 
equipment specs and develop oper- 
ating procedures Salarie open 
Company pays placement fees. Ap- 
plicants must be U. S. citizens. Lo- 


cation, New England. W5289 


Stress Analyst, 30 to 40, degree in 
metallurgy or mechanical engineer 
ing, with at least five vears in stress 
work (computation, testing, 

covering ferrous 
metal hould be 

have worked in 
powdered plastic other 

yntheti and experience 

hould preferably have been in re 
earch, engineering, or development 


analy 
and evaluation) 
and nonferrou 
familiar with 
metal 


wood 


ngineering department of a manu 
acturer interested in product de 
velopment and improvement. Will 
be responsible for examining, eval 
uating, and passing upon the stress 
factors involved in the use of mate 
rials in standard, special, and new 
units and their component: Ex 
cellent opportunity. Location, Mid 
west. W5252 


‘ 
‘ 


Instructor or Assistant Professor, 
extractive metallurgist or chemical 
engineer, recent Ph.D., with none to 
teaching and/or industrial 
capable of 


five year 
or research experience, 
developing and teaching courses in 
extractive metallurgy (excluding 
ore dressing) with emphasis on the 
phy ical chemical principles in 
volved. Salary, $5500 to $6500 for 
ten-month contract; income may be 
supplemented with summer work 
Location, West. W5041 


METALLURGISTS 
and 
METALLURGICAL 
ENGINEERS 


Ipportunities exist for both 


raduate th ‘ ith 
expenence if ear 


years 


ve pment failure 


er involving melting welding 
forging, and rolling of alloy ised rN 
nuclear reactor construction. Sal ‘ 
‘ oper ( mipany pay piace ‘ 
d 
metallurgy with empna 
hig? ove i? jirectir }a unit tot Mert fr 
pineering 
er ‘ nm ferrou nd nonterrou ersity of Kentucky 
hould have mater er neernr 
j 
exDenence j with the 
te bye tec with 
moter engineenng progran ratory 
yh, Pennsylvania 
NM r higher w net 
; ‘ re ' te ble but not mar Requue ; nce degree w echanical 
engineering metatiurgy with exper 
; latory ‘ ‘ te plune 
j hove ter year 
ree evelopment metal 
working process equipment Cor 
et e in hor engineer ; 
te with the working f metals is 
erd resurn moplete nfidence to 
Me Mort 
4 fu e Steel Company of America 
luct evelopment and Techr 
Prefer four ¢ 
) zing but w 
‘ expected 
The 
recent 
everal 
h, de 
heat 
treaotir corr 1on testi metal! 
jraphy welding and general ay 
plicatior f metallurgy Fully 
equipped, modern laboratory in 
Southern Ohi Send reply with 
re md information t 
Employment Department, L-58 
. dyear Ator ( rporatior 
: > de P O Box 628 
lft eC UNION Portsmouth, OF 


An old bromide about chlorides! 


The old bromide that a salted tail immobilizes a bird has Titanium is more than a “promising” metal for the 
frustrated children for generations. Another old bromide chemical-processing and pulp industries. It's already pay 
that chlorides are ruinous to engineering metals has ing for itself in appli ations where severe Corrosion once 
plagued design engineers for decades. That was before posed forbidding maintenance or design problems. [1 
titanium tanium means longer service life, less down-time 

Strong ferric, stannic and mercuric chloride solutions All forms of titanium—tubing, sheet, wire, strip, plate 
have no effect on titanium. Extraordinary resistance to extrusions, bar and billet—are routine production items 
mineral acids 1s shown by excellent performance in boil- for TMCA, at prices attractively competitive with other 
ing nitric acid engineering metal Extensive research facility and 

Boiling glacial acetic, concentrated lactic and concen- trained technical service personnel are available to pro 
trated form icids are completely resisted by titanium vide quick answers to specific requests 


I ven vapors are non-corrosive 


. FIRST IN Titanium 


TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 
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Opportunities Unlimited 


ENGINEERING SOCIETIES 
PERSONNEL SERVICE !NC. 


(AGENCY) 
SECURITY ... TOP WAGES... . CHALLENGING ASSIGNMENTS 


QJualified Engineers! Thousands of positions available with leading 
| er pay fen 
the Four Founder Engin Societies and 
Engineering Societi E.S.P.S. offer 


experience in addition to world wide con- 


> PS. weekly Bulletin of Positions Available See 


al listing of available positions in Personnel Section 


DON’T DELAY—REGISTER TODAY 
Offices In Major Cities In U. S. 


Detroit San Francisco 


yt OO t worth Ave 57 Post St 


New York Chicago 


40th “St 44 Lost Rar 


PROCESS EQUIPMENT 
ENGINEER 


To prepare process flow diagrams 


and equipment specifications for 


raw materials handling and tron 


and steel production facilities 


Some engineering experience 


required, preferably in a metal 


RESEARCH 
METALLURGIST 


lurgical industry. Operating expe 
rience desirable. Engineering 
degree required 

WRITE TO OR CALL 

G. VICTOR HOPKINS 


Artuur G. McKee & Co. 


2300 Chester Ave, Cleveland |, Ohio 


Process metallurgist for basic 
and applied research on the 


Telephone TO-1-2300 


hot working of metals 


utilizing forging, rolling 


and extrusion equipment. 


ATi PENNING 


CRUCIBLE STEEL COMPANY OF 


AMERICA Excellent experimental 


APPLILD RESEARCH PHYSICIST central research laboratory 

od dearee in oy 
lertake Good opportunity for 


professional advancement 


Write or Phone 


W.A. Johnson 


Associate Director of Research 


THOMPSON PRODUCTS, 
INC. 


23555 Euclid Avenue 
Cleveland 17, Ohio 


ENGINEER 
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BOOKS 


* ORDER BOOKS SO MARKED 
THROUGH AIME— 

Address Irene K. Sharp, Book 
Dept. Ten percent discount 
given whenever possible. 


Statistical Abstract of the United 
States, published by the United 
States Dept. of Commerce, Washing- 
ton 25, D. C., more than 1000 pp., 
$3.75, 1957.—The volume is a useful 
tool for the serious researcher into 
population changes, busine trends, 
foreign trade, agricultural produc- 
tion, or any of the hundreds of sub- 
jects indexed, in its 34 chapter 


Directory of Consulting Engineers 
and Architects, published by the 
San Francisco Chamber of Com- 
merce, Industrial Dept., 333 Pine St., 
San Francisco 4, Calif., 24 pp., $1.00, 
1957..—-Firm names, principals, bank 
references, educational and _ profe 
ional qualification nature and 
cope of ervice and prin ipal ac- 
complishment of 72 engineering 
firms and 45 architectural firms are 
included in the directory 


Engineering Economics and Ethics 
for Professional Engineers’ License, 
John D. Constance, published by 
John D. Constance, 625 Hudson Ter- 
race, Cliffside Park, N. J., $2.50, 1957 

The ubject matter covers bond 
issues, bond valuation, debt amorti- 
zation property valuation cost 
analysi et 


Industrial Organization and Manage- 
ment, by Ralph C. Davis, Harper 
and Brothers, 953 pp., $8.25, 1957 
Intended for industrial executive 
as well as for students of manage- 
ment, this book emphasizes funda- 
mental objectives, policies, and 
methods of approach to the solution 
of busine problems. The numerous 
examples of management practice 
have been taken from a variety of 
manufacturing companie 


United States Government Organi- 
zation Manual, published by the 
Office of Information, General Serv- 
ices Administration, Supt. of Docu- 
ments, Government Printing Office, 
Washington 25, D. C., 778 pp., $1.50 
1957.—The manual hist 4100 key 
officials of the Federal Government 
The publication also contains some 
40 chart howing the organization 
of Congre the executive depart- 
ment and the large independent 


apencie 


Metal Statistics—1957, published by 
fetal Market, 18 Cliff 
St New York 38, N Y 856 pp., 


$3.50, 1957 The little red book, a 


tre Ame? can 


(Continued on page 1326) 
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e heavy operating and Nntenance 
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_ to give an impurity gradient, 
> 
ox: 


fine-grained -structure. 


At 650° a few fine grains in 


Léadership-) Uranium SINGLE Crystals... 
| 99.992% Pure 


The purest uranium in the world is 

obtained as clusters of electrolytic deposits like 

that shown in the background. The pure, 

clean metal is valuable in itself for research, \ 

Still more valuable are the single crystals made from and continue to grow until a 
such metal. Argonne metallurgi: I; developed the barrier is reached. Single : 
methods for making ultra pure uranium castings and crystals arecut fromthe rod, 
the single crystals, opening the way for 

improved uranium technology. 


7. 
{ TIONAL LABORATORY 


Opera undera 


PROFESSIONAL PERSONNEL OFFICE 
P. O. BOX 299 + LEMONT, ILLINOIS 


MATHEMATICIANS + PHYSICISTS METALLURGISTS CHEMISTS 

HEALTH PHYSICISTS - INDUSTRIAL HYGIENISTS 

ENGINEERS: ELECTRICAL, CHEMICAL, METALLURGICAL, COMPUTER, 
PLANT, MECHANICAL, ELECTRONICS 


Inquiries Invited 


» 
— 
A ‘cast rod of 
q a 
is and to get 
| 
“4 
ae 
7 
Jan 
contract with the United States At Energy 
. 
. 


Techniques of Plant Maintenance 
and Engineering —1957, published by 
Clap 1 Poliak Inc., 341 Madi 


Engineering Analysis, 


Jumerical Procedure 


Symposium on pil Measurement, 
pul hed | the imerican Socrety 
Race 


ideiphia 4, Pa 104 py $2 50 


fel 


NOW you can apply the unusual properties of individual 


inces in themselves but also the heavy” rare earth elements to special scientific projects 


Michigan Chemical Corporation offers oxides and salts — and 


# and conta everal extensive certain metals in production quantities and in high purities. 


Prices are reasonable, too. There's no need to develop 


( mittee, ECPD, is offering x alternate specifications because of cost problems. You can move 


from pilot plant to finished production right now. 


booklets cover Whatever your project reactor technology, special weapons, 


praisal and inseling on perforn upply your rare earth needs dependably. Our “heavy” rare 
ry earth plant is now on stream and ready to serve you. 
lentificatior Write for information and technical data sheets 


The Defect Solid State, | .<¢ 


RARE EARTHS AND THORIUM DIVISION 


MICHIGAN CHEMICAL CORPORATION 


564 North Bankson Street, Saint Louis, Michigan 


on 


Moe YITERBIUM THULIUM ERBIUM HOLMIUM DYSPROSIUM 
Me GA NIUM e« € ROPIUM « SAMARIUM « YTTRIUM 
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HARBISON-WALKER 


ORSTERITCTE 


BASIC CHECKERS 
provide unusual advantages for open hearth steel furnaces 


After two compaigns—378 heats—Forsterite L Open Hearth Ready to go back into service. Cleaning is quickly and easily 
Checkers appeared as shown above. The friable character of the accomplished because Forsterite L Checkers resist slagging, spall- 
slight dust build-up is apparent. ing and clogging. 


With the rapidly increasing use of basic brick Dy crecker cleaning decreased 

checkers for open hearth steel furnaces, many Due to its chemical composition, iron oxides 
of the various kinds have been in Service for and basic slag carry-over, do not readily react with 
careful comparisons. Among the various classes FORSTERITE L. These basic fluxes do not wet 
of basic brick used in this application, the FORSTERITE L brick which remain clean 
FORSTERITE L, the magnesium-silicate re- and free from excessive clogging. ‘The necessity of 
fractory, shows unusual merit. cleaning FORSTERITE L checkers used for all or 

Important benefits which contribute to the —_—P@rt of the setting is greatly decreased, 


good economy in the use of FORSTERITE L 
checkers are briefly enumerated. 8 Greater heat capacity 
The inherent properties of the mineral for- 


Increased durability under the sterite account for the higher heat capacity of 


PORSTERITE L bri at of 1 
conditions 


setting of a given size thus is greatly increased, 
FORSTERITE L checkers do not shrink or sub- 


side in soaking heats and higher preheat tempera 
a B High efficiency maintained 


tures of the air are feasible. They are highly 

resistant to slagging and withstand the temperature FORSTERITE L checkers retain their nor- 
changes involved without spalling. Because of the mal texture and are less readily glazed than are 
excellent stability of mineral composition under various other kinds of basic, high alumina and 
the prevailing regenerator conditions, FORSTER alumina-silica refractories. High heat absorption 
ITE L brick do not permanently increase in volume is not reduced by increased reflection resulting 


nor become weak and friable. from glazing. 


HARBISON-WALKER REFRACTORIES COMPANY 
AND SUBSIDIARIES World's Most Complete Refractories Service 
GENERAL OFFICES: PITTSBURGH 22, PENNSYLVANIA 
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Completely new series of 


STEREOSCOPIC MICROSCOPES 


MAGNI-CHANGER 


Desired magnifications simply 
“dialed-in™ by rotation of cali- 


brated cylinder. 


Outstanding 

Features 

True three 
dimensional image 
Long working 
distance 


Reversible, 


inclined body 

Large field of view 

Durable EPOXY 

finish 

Top quality optics ot make this the war won 


Broad selection , ew CYCLOPTIC series offers you the 


of models 
et your very need 


BROCHURE CYCLOPTIC brochure 
JUST OFF THE 
PRESS 

WRITE FOR 
your cory 
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Books 


(Continued from page 1326) 


conductivity corrosion proce e 


magnetic properties of solids, defect 


tructure and catalysi dielectric 
material phase equilibria, inter- 
metallic compound and experi- 
mental techniques. One paper is a 
ummary of present knowledge and 
review of the literature on ceramic 
materials for high-temperature ser- 


Manufacturing Processes, Myron L 
Begeman, John Wiley & Sons Inc., 
4th ed., 612 pp. $8.00, 1957.—This 
book presents a comprehensive sur- 
vey of the technical fundamentals of 
important manufacturing processes 
involving engineering materials 
New topics discussed are electro- 
park and ultrasonic machining, 
chem-milling, and automation. 


Die Verhuttung von Aluminiums- 
chrott Kurt Schneider, 2nd_ ed., 
Metall-Verlag GMBH, Berlin, Ger- 
many, 254 pp., approx. $5.00, 1957 

This is a revised edition on the 
melting of aluminum scrap with 
emphasis on the new types of fur- 


nace used 


Solid State Physics, Adrianus J 
Dekker, Prentice-Hall Inc., 540 pp., 
$9.00, 1957 3oth topics that can be 
discussed without reference to the 
electron theory of solids and those 
that deal with the electronic prop- 
erties of solids are covered. Five ap- 
pendices give essential data on ther- 
modynamics, wave mechanics, and 
quantum statistics. The book is suit- 
able for use as a text or for self- 
tudy by engineer new to the 
field. @ 


Semiconductor Abstracts Vol. 3, 
compiled by Battelle Memorial In- 
titute John Wiley & Son Inc., 
322 pp., $10.00, 1957—Continuing 
thi eries, the volume _ contain 

over 1250 abstracts on the properties 
and applications of semiconducting 
and luminescent material Refer 

ences are grouped under material: 
and there is a separate section on 
zeneral theories. 


Physics of Non-Destructive Testing, 
upplement No. 6, British Journal 
of Applied Physics, Institute’ of 
Physics, London S.K.W.1, England, 
72 pp., approx. $3.50, 1957.—-A collec 

tion of 11 papers and 2 pane! dis- 
cussions published to give engineer 

and metallurgists an insight into 
newer method of nondestructive 
testing and their use Two brief 
ymposiums are also included, one 
on optical and surface methods, the 
other on penetrant method 


The Physics of Flow Through Por- 
ous Media, Adrian E. Scheidegger, 
The Macmillar 7 Fifth Ave- 
nue, New York N. Y., 236 pp., 
$14.00, 1957--This volume correlates 
(Continued on page 1333) 
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Top strength and 
minimum shrinkage 
at high temperature! 


‘ 


Superex is easily combined with other insulations such as Johns-Manville 


Thermobestos", J-M %5°% Magnesia or J-M Insulating Fire Brick. 
After a quarter century... 


there’s still no substitute for J-M Superex insulation 
for service to 1900F! 


In many ways, Superex” is the finest Superex also speeds and simplifies instal 
block insulation yet developed for high lation. Kasy-to-handle—Superex weighs 
temperature furnace applications! only 2 lbs. per sq. ft. per inch thickness 


Made of diatomaceous silica and as Sfrong—it compresses only inch under 


bestos, Superex offers exceptional heat tons pressure per square ft Is 
I 


resistance—excellent insulating value. 4Vailable in a wide variety of shapes and 


And at high temperature its stability is  5!2eS 
knife or saw 


is easily cut with an ordinary 


unsurpassed: it combines low shrinkage 
with excellent thermal effectiveness For further information write to 


easily withstands the physical abuse en Johns-Manville, Box 14, New York 16 Saves waste. Superex comes in 7 


tandard thickness from | to 


countered in normal service N. Y. In Canada, Port Credit, Ontario 
1°. Other sizes available on order, 


For medium temperature applications, specity J-M Superex M blocks tor temperatures to 1600F 


JM Johns-Manville INSULATIONS 


MATERIALS” ENGINEEKING « APPLICATION 
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UTICA METALS KELSEY-HAYES 


NEW 


1330 


Utica technician viewing a meltdown of Udimet 500 


birth of a superalloy 


Vacuum melted alloys, as developed 
by the Utiea Metal 
provide extreme cleanliness; maximum 
‘| hey 


stresses and temperatures 


Division of Kelsey-Hayes, 
chemical uniformity are superalloys, developed 
to withstand 


venerated atl supersonic speeds, 


l'tien, baeked by the full resources and combined 
facilities of the Aviation Divisions of Kelsey-Hayes, 
is better equipped than ever before 

to serve the military, aviation and other industries. 


A DROP FORGE Toot DiviSton < 
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a new vacuum melted alloy in the high temperature field. 


~HAYES co. 


VACUUM MELTING 


provides these properties 


e High temperature 
corrosion resistance 
Increased ductility 
Extreme cleanliness 
Precise chemical control 
Longer stress-rupture life 
Increased tensile strength 
Better fatigue resistance 
Cireater yield strength 


Grreater impact resistance 


Greater creep properties 


UTICA 4 


YORK 


. 
~ I 
| 


a vertical 
metallograph for 
the ultimate in 


versatility and 
photomicrography... 


Modern industry is called upon to test new materials and methods almost every week. 
The PANPHOT Metallographic Microscope is a highly versatile instrument designed 
for utmost efficiency, ease of operation, and long life. Material specimens, regardless 


of their size, can be observed from corner to corner in an upright position. 


« New vertical illuminator with rapid objective 
changing device. 
Low-power illuminator for photography speci- 
mens up to 60 mm. in size. 
Instant change-over from binocular observation 
to photography. 
Low-voltage lamp intense enough for photog- 
raphy, plus arc lamp and the highest powers 
of magnification. Magnification ranges from 
2x to 2000x. 
Vertical compact construction requiring mini- 
mum of space. 


&. LEITZ, INC., Dept JM-10 
468 Fourth Avenue, New York 16,N.Y. 


Please send me brochure on PANPHOT Metallographi 


Microsc ope 


Nome 


LEITzZ, inc., 468 FOURTH AVENUE, NEW YORK 16, WN. Y. 
Distributors of the worid-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 
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Street 4 
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rat 


the steelmaker 


Columbium and you, 


> ) Know how .10 Cb will increase physical properties ? 


> ) Know how Cb will benefit high temperature steels? 


steelmaker’s economics justifies the use of 


Extensive test and development work by MCA has cantly, 
in these steels, since the results ob 


recently revealed astonishing results in the use of columbium, 
tained are most rewarding for the small cost of 


columbium additions. We confidently expect even 
greater progress as the developmental knowledge 


columbium in steel making. Particularly in con 


tructional steels those used in road mac hinery, 


urplane landing gear, and plates for example, 
progress in in this new field increases. 


where the impact stress is severe 
physical properties has been most striking We are anxious that steelmakers, engineers and 
In some cases steels with economical additions of metallurgists know of the latest progress in this 


ity of heat treating field. An inquiry on your company letterhead 


columbium may avoid the nece 
stating your particular interests will bring confi- 


and be used in the as-rolled condition. In other 


applications tensile strength may be increased dential and prompt response. Write today. 


many thousands of pounds per square inch. Signifi- 


Grant Building CORPORATION OF AMERICA Pittsburgh 19, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Los Angeles, Son Francisco 


Sales Representatives Brumiey Donaldson ( 
Subsdiary Cleveland Tungsten, Cleveland 


Plants, Washington, York, Po 
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Books 


(Continued from page 1328) 


the essence of information on hy- 
dro dynamics in porous media. It 
covel the phy ical theorw of flow 
and covers methods for the solution 
of various flow problem . 


The Manufacture of Iron and Steel, 
Vol. 1, Iron Production, Reginald 
Jashforth, Chapman & Hall Ltd 
London W.C.2, England, 306 pp 
approx. $7.00, 1957.—-This is a com- 


prehensive survey on modern meth- 
ods of iron manufacture of ferro- 
illoy pecial iron and wrought 
iron The blast furnace is also 


thoroughly covered as are the vari- 
ous methods of pig iron production 


The Foundations of Metallography, 
Georg Masing Monograph and Re- 
port Seri No. 21, The Institute of 
Metal London S.W.1, England, 166 
pp., $3.50, 1957 This book ts a con- 
cise introduction for students of met- 
allurgy, covering a variety of sub- 
jects including the atomic structure 
of metals and alloy and the struc- 
ture of alloys in systems with and 
without olid olutions or com- 
pound The book is a translation 
from the fourth German edition pub- 
lished in 1955 


Gmelin: Handbuch der Anorganis- 
chen Chemie, System No. 28, Cal- 
cium, Part A, Section 2, available 
from D. R. Stein, 1074 Washington 
Ave., Pelham Manor, N. Y., 488 pp., 
$55.68, 1957._-The major part of thi 
volume is devoted to the geochem1 
try of calcium, the industrially im- 
portant deposits of fluorspar, calcium 
phosphate, and gypsum, with a de- 
criptive summary of calclum min- 


Gmelin: Handbuch der Anorganis- 
chen Chemie, System No. 32, Zine, 
Supplementary Volume available 
fror D. R. Stem, 1074 Washington 
Ave Pelham Manor, N. Y., 1025 pp., 
$138.00 1956.—-Thi volume deal 
with the geochemistry of zine and it 


economic geograph technical prep 
aration, including ore dressing, elec 
trolytic production, and refiniag 
physical propertie electrochemical 


behavior of zine and a considerable 
ection on the major alloys of zinc. @ 


The Isotope Index, Scientific Equip- 
ment Co., Publications Dept., 23 N 
Hawthorne Lane Indianapoli 19 


Ind., $3.00, 1957 Thi econd edi 
tion of the Index lists the ource of 
all con mercialls available isotope 

including both stable and radioa¢ 
tive isotope and many  isotope- 
labeled compound Also included 


is complete purchasing information 


Phase Diagrams in Metallurgy, 
Frederick N. Rhine McGraw-Hill 


Book Co. Inc., 340 pp., $12.00, 1957 


ERASE HYDROGEN, OXYGEN AND 
NITROGEN FROM YOUR MELT! 


The elimination of contaminating gases imparts 
much more than improved grain structure to fer 
rous and non-ferrous metals. Metallurgists find that 
High Vacuum imparts distinctly new attributes and 
that, in many cases, the end product might well be 
considered an entirely new one 

From laboratory to full production you'll find your 
answers to problems in Vacuum Metallurgy in 


HIGH VACUUM PUMPS 


KINNEY Pumps comprise the most extensive selec 
tion of sizes and types in the entire High Vacuum 
field. From single-stage Simplex and Duplex (with 
ultimate pressures of 10 microns, McLeod), and 
The KINNEY F-9 High Vacuum two-stage C 


mpounds (produc ing pressures to 0.4 
tol up to micron, McLeod), to the famous KINNEY Mechani 
cal Booster Pumps providing ultimate pressures of 
0.2 micron, McLeod or better, here is the ideal 
equipment for you! 
Now, KINNEY experience and “know-how” offer 
Complete High Vacuum Furnaces and Ovens for 
laboratory, pilot plant, or large scale production 


KINNEY wee. oivision 


THE NEW YORK AIR BRAKE COMPANY N 


WASHINGTON STREET BOSTON 30 MASS 


pounds of metal. Induction or 
resistance heating with tem 
peratures to 2000° C and over 


WRITE 


for full information on 
KINNEY High Vacuum 
Pumps and High Vacuum 
Furnaces today 
Please send me literature on KINNEY 
High Vacuum Pumps 
High Vacuum Furnaces 


Name 


Company 


This text is for the undergraduate Address 
(Continued on page 1342) City Zone State 
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Ductile tron Runout Rolls in a continuous hot-strip mill Weirton Steel Company, Weirton, West Va. The rolls 


help turn out thou ands of tons of steel strip daily at have an OD of 12 inches and measure 60 inches long. 


Weirton stops thermal cracking 
with ductile cast iron runout table rolls 


Over 60 duet ut table ick. They are tougher and, conse ntering grates and many other 


rr ire alt vi mn the ientl tand up under continuou pplication 


nel ‘ Ou “ ock and vibration. And, ductile \ll the important information you 
vant to know is given in our booklet 
‘Ductile lron, the Cast on That 
Can Be Bent.” Successful applica 
tions are shown, grade ef ductil 


iron are listed and mechanical prop 


it Weirtor 1s many, diy iron rolls have good wear resistance 

Nation aresulta big maintenance prob 

lved replacement cost 

lowered and expensive shut tile 
downs are reduced to a minimum 

erties are compared with cast iron, 


Take advantage of ductile cast iron 
"A malleable iron and steel. For your 


duc 
t reduce maintenance copy write to: 
or you in your own plant. It 


t warp has proven economical for charging The INTERNATIONAL NICKEL COMPANY. Inc. 
thermal boxes, furnace doors, ladle rings, 67 Wall Street, New York 5, N. Y 


ductile iron...the cast iron that can be twisted and bent. 
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Russian Steel Industry's Plans Revealed 


“The European Steel Market in 1956”, prepared by the Economic Commis- § _ 
sion for Europe and recently issued by the United Nations, reveals infor- NN 
mation on eastern Europe heretofore unavailable F 


Satellite dependence on Russian raw materials 


Iron and steel plants of the eastern European countries built since World 


War II are largely based on supplies of Russian raw materials. Thus, 1956 


iron ore exports of the USSR were more than 9 million metric tons, some 3 _ 
million each being supplied to Poland and Czechoslovakia, with Hungary = 
and Eastern Germany receiving more than | million tons each. Coke exports 
from the USSR, amounting to 1.7 million metric tons, went to Eastern Ger 
many, Hungary, and Rumania. Poland drastically reduced coal and coke ex 


ports but still exported 2.3 million metric tons of coke in 1956 


Open hearth predominates 


Of the Russian 1956 steel output of 48.6 million metric tons, some 42.9 mil iS : 
lion was open hearth, 3.7 million electric furnace, and only 2.0 million bes ’ 

semer. A similar pattern holds true of the other eastern European countries 

On the blast furnace side, average USSR charge was 60 pct sinter with a i 

coke rate of 862 kg per metric ton of iron. Elsewhere less sinter was charged, §@ 


and coke rates were higher 


1960-——Expanded production but inadequate ore supplies 


By 1960 the countries of eastern Europe will have a combined crude steel 


capacity of 87.4 million metric tons, with 68.3 for the USSR. Russia plans § 
an output of 114 million metric tons of iron ore, 73 million tons of sinter 
64.5 million tons of coke, and 53 million tons of pig iron. Proportional @ 
increases are planned in the other countries, but the present trade 

A 
pattern in raw materials will be maintained. For the region asa whole - 
the UN report concludes, “It seems, therefore, that from an over-all point of *. 


view there will be little or no deficit of coke in 1960", but, “So far as iron 
ore is concerned the situation is more difficult, since only the USSR and Bul 


garia are likely to be in a position to export it seems likely that there 


will be a significant iron ore deficit in eastern Europe in 1960” 


Toward oxygen steel and continuous casting 


$y 1960, 40 pet of the steel production in the USSR will utilize oxygen, in- J 


cluding all converter steel; duplexing is to be increased, mainly converter | 


plus electric furnace; and open-hearth furnaces are to be lined with 


chrome-magnesite refractories. At least one plant-scale continuous casting 


line will be in operation. In the other countries, following the Russian ex 


ample, the major effort is toward increased sinter charge, constant humidity, | ‘ 


high top pressure, and automatic regulation 


Four new wide-strip mills 


The current plan in the USSR includes a second continuous 80-in. hot strip 
mill at Magnitogorsk, a continuous 80-in. mill at Karaganda; a semi-con 


tinuous 67-in. mill at Voroshilov; and a 67-in. semi-continuous mill at 
Tcherepovets. With these mills in operation total output of coils in the USSR 
will be over 12 million tons. The second Magnitgorsk mill is now under con 
struction, but it is understood that the other three have not yet been started 


In Poland, the continuous strip mill at Nowa Huta is expected to be in full 


production by 1960 
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New USS 12 MoV martensitic 
to an ultimate tensile strength 


Typical Pertormance Data 


TEST YIELD STRENGTH TENSILE ELONGATION 
TEMPERATURE, (0.2% OFFSET), STRENGTH, IN 2 INCHES, 
F. PSI PSI PER CENT 


TEMPER 800 F. | al 4 hours air-cool 


room 


room 


2930 


177,500 


Average elevated temperatures tensile properties of 0.10-thick USS 12 MoV 
previously heat-treated for 15 minutes at 1850° F. and tempered as indicated. 


KEY 


titanium alloy 
USS 12 MoV 
age hardening Stainitess Steel 


Titanium alloy 
(1750 F. 1 he. WQ; 1000 F. 24 hrs.) 


age hardening Stainiess Steel 


TENSILE STRENGTH DENSITY RATIO 


200 300 400 500 600 700 800 900 
TEMP. DEG. F 


Tensile strength (density ratios for three metals at various temperatures—a com 
parison between USS 12 MoV, a currently available titanium alloy, and an age-harden 
ing Stainless Steel. Notice superiority of USS 12 MoV at temperatures above 550 F 


T & D 
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104 ( 744,001 10.0 
| i’ 5 11 2 
18 237,75 106 
4 236 10.5 
< ‘ a 243,90 10.6 
‘ 174,7* 744,501 97 
172,75 249,56 11.5 
7 164 728, BOI 10.3 
158.7 223,500 75 
TEMPER 900 F - 4 hours air-cool 
206 42,000 12.3 
164 5,001 11.8 
4 1/#* 1,000 10.3 
240.50 10.2 
‘ 173,750 232,000 95 
229,500 99 
‘ 164,25 224,500 9.5 
210,258 73 
5.8 
| 
| 
100 
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steel can be heat-treated 
of 240.000 psi... 


230,000 psi guaranteed at room temperature! 


In the development of special steels for aircraft use, United States Steel 
has concentrated on martensitic structures because they are capable 


of attaining the highest tensile strength for a given amount of ductility 


USS 12 MoV (Type 422 modified) is one of the most promising 
steels to result from this program. It can be heat-treated to develop a 
nominal ultimate tensile strength of 240,000 psi. Guaranteed minimum 


tensile strength at room temperature ts 230,000 pst 


Recommended Heat Treatment: Chemical Composition 


. Heat for 15 minutes at 1840 F. Air-cool c Cr Mo 


. Temper four hours at a specific temperature within : 0.20/0.30 12.0 1.0 
the range of 600 -900° F é 


Mechanical Properties 


Anneated 


USS 12 MoV can be furnished with the following 
typical annealed properties 


Physical Constants 
Tensile Strength, psi 100,000 


Yield Strength, psi 65,000 
Density 279 tbs. /cu. in Elongation, % in 2 25 
Coef. of Thermal Expansion 7.03 « 10-6/F.* Rockwell B 90 


MT t 590° F 
ere . After fabrication, following the recommended method 
7 of heat treatment, USS 12 MoV can be heat treated 
erage expans 
oe to a minimum guaranteed tensile strength of 240,000 


psi at room temperature 


Corrosion Properties 
> p S USS 12 MoV is typical of United States Steel 


research and development efforts to produce 
Like other 12 chromium steels, USS 1: 
: . ; aircraft steels of high strength which will main 
resistant to atmospheric corrosion in the sens 4 
it does not lose weight. In time it will disc tain this high strength at elevated tempera 
in certain environments it may develop a light rust } tures along with good corrosion resistance 
film. This will not harm mechanical properties : properties. Other special steels for aircraft be 
ing developed or manufactured by United 
States Steel include USS Tenelon Stainless 
Availability ; Steel, USS Strux, USS “T-1" Steel, 4130 and 
4330 
USS 12 MoV sheets can be produced — Watch for further data on these steels in 
condition in widths up to 48", thicknesses fro ] future United States Steel advertisements 
to under 3/16", stretcher leveled lengths up t 
192”) or (196") depending on gage it may als 
produced in a range of plate, bar, strip and 


sizes Further information on request 


USS Special Aircraft Steels 


USS TENELON and “T-l’ are registered trademarks 
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RECOVERY 


...of manganese 
with MANTEMP 


ferromanganese 


This new exothermic al 

loy allows open hearth melters to 

make hiyher additions of manyanese 

to the ladle (up to 15° manganese 

Thus you get 

e 10% to 15 higher recoveries of 
manpyanese 

e More consistent manganese reco, 


er vith fewer missed heat 


e 15 to 20 minutes less furnace time 


for low-carbon heats, 
The strony exothermic action of 
MANTEMP ferromanganese sharply 
reduce eyreyation of manyanese 
vithin the ladle. In addition, its 
unique exothermic reaction allows 
hivher and more consistent recov 
erties of aluminum when aluminum 
isn added as an alloying element 

Your nearest ELECTROMET office 
will be glad to vive you further in 
formation concerning the high and 
medium-carbon grades of MANTEMP 
exothermic ferromanganese. Write 
ELECTRO METALLURGICAL COM 
rANY, Division of Union Carbide 
Corporation, SO bk. 42nd St., New 
York 17, N.Y 


WETALS DO WORE ALL THE TIME 
THANAS TO 


Electromet 


FERRO-ALLOYS ANDO METALS 


ne “Manotemp” and “Union Cartude are tra le-marke of Union artide Corporation, 
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Laboratories, Murray Hill, N ar right, J. Herr, S 


Brewer, L. Snoke, Zajac and W. Kinsman 


They're wiring the seas for sound 


These five Bell Labs scientists and engineers may never “go down to the sea in ships.” Yet, 
| 


they're part of one of the most exciting sea adventures of modern times. Along with many 


other specialists, they are developing the deep-sea telephone cable systems of the future 


Here's how they join many phases of communications science and engineering 


to bring 


vcople who are oceans apart within speaking distance. 
| | 


F. J. Herr, M.S., Stevens Institute. is concerned 
with systems design and analysis. He studies the 
feasibility of new approaches and carries out 
analysts programs to <elect optimum parameters 


for a proposed system design 


S. T. Brewer, M.S. in EE, Purdue. communications 
and eles engineer explores new designs 
for sea-bottom amplifiers needed to step up 
power of hundreds of simultaneous telephone 


conversations 


L. R. Snoke, BS. in Forestry, Venn State. is the 
team biologist. He investigates the resistance of 
materials to chemical and microbiological attack 
in sea water Materials are evaluated both in 


the laboratory and in the ocean 


E_ E Zajac, Ph.D. in Engineering Mechanics, 
ford. is a mathematician. He studies the kine 
matics of cable laying and recovery. Cable's 
dynamic characteristics ship s motion, the 
mountains and valleys in the ocean bottom all 


must be taken into account 


F. W. Kinsman, PhD. in Engineering, (ornet! 
solves the shipboard prolole ms of storage, han 
dling and “overboarding” of cable. New ma 


chinery for laying cable is being oe veloped 


Deep-sea cables once were limited to trans- 
mitting telegraph sivnals Bell Labs research 


yave the long underseas cable a voiwe. New re 


search and ae velopment at the Labs will make 


this voice even more useful 


A BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATION he FAHCH AND ODOEVELOPMENT 
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Due vacnum lock de perators can manipulate the melt during the beat withoul releasing 


racnum Furna used for production of ‘pes pal alloys at Cannon-Muskevon Corporation, Muskegon, Mt 


The metals industry is profiting from 
the use of other STOKES production equipment 


Vacuum Metoallizers. Stokes offers a con Powder Metal Presses. Cost savings an 


(f 
> 
! Vacuum Pumps. For rapid evacuation and 
prete ne of va metal equil compacting fu pauble alloys high va Stoke tters 
ent ste metals tor proved face have le wiler et rk accepted mechat al and 
‘ huctive proce STOKE fers the ta plete vapor ditt onandt ter pumy New 
outing of on-ce | ve itetia presse the ind try fesign affords lO to 1OO® greater peeds 


‘*‘MasterMet”’ 
high temperature alloys 


vacuum melted 


in Stokes furnace 


Another example of how Stokes vacuum furnaces aid industrial 
utilization of the new technology of vacuum metallurgy. 


OR the hot components of leading types of 
Fe engines, Cannon-Muskegon produces a 
line of special vacuum melted alloys. Engineered 
primarily for high temperature service, these 
alloys are supplied as ingots and billets for in- 
vestment casting. 


A Stokes Vacuum Furnace provides perform. 
ance to the exacting specifications required for 
this work. Its design is the result of close 
cooperation between Cannon-Muskegon and 
Stokes engineers. The furnace has a capacity of 
500-pounds per heat 


In the words of George W. Cannon, Jr., com- 
pany president,’ The equipment has performed 
in accordance with our specifications a leak 
rate of 8 microns per hour and permits 


Reference Data: 


Microvac Pumps—Catalog 750 

Diffusion and Booster Pumps 
Specification and performance data 

Story of the Ring-Jet Pump 

How to Care for Your Vacuum Pump 
Booklet 755 

Vacuum Furnaces—Catalog 790 

Vacuum Metallizing—Caralog 780 

Vacuum Calculator Slide Rule 

Powder Metallurgy Today 

Powder Metal Presses—Catalog 810 


pouring of vacuum alloys at pressures less than 
10 microns.” 

If you are planning to explore the interesung 
potential of modern vacuum metallurgy, plan, 
too, to take advantage of the undisputed 
leadership in equipment and experience which 
Stokes can apply to your problem. Prime sup 
plier of vacuum furnaces for production use, 
Stokes incorporates the features you need for 
simplified operation and dependable service 
With the Stokes vacuum lock, you can make 
multiple melts and manipulate the melt without 
breaking the vacuum. High capacity pumping 
systems, combining new Stokes Ring -Jet Booster 
Pumps and rugged Microvac roughing pumps 
provide fast evacuation and dependable holding 


of desired vacuum 


A Stokes engineer will be glad to consult on 
your specific application, help you select the 
most suitable of the many basic Stokes designs 
for your work, and engineer modifications to 
your special requirements, For technical data 
write for Stokes Catalog No. 790, “High 
Vacuum Furnaces.” 

F. J. STOKES CORPORATION, 
Vacuum Equipment Drerston, 5500 Tabor Road, 
Philadelphia 20, Pa 
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Books 
(¢ tinued f m page 1333 
tudent and organized to di play id 
the subject, thus presenting materict | DIG you know that 
on the binary, ternary ind quater- 
nary level 
National Science Foundation 
publications are now available 
and ts will be sent upon re 
quest Addre inquire to aye COUNG 
Sclence oundatior Washing 
ton 25, D. C Ss. 
From the Desk 
Stress Corrosion Cracking and Em- 
‘4 of the President brittlement, ed. by William D. Rob e 
\ ertson, John Wiley & Sons Inc., 202 LZ 
pp $7.50. 1956 Under the auspice 
4 To: Purchasing of the Corrosion Div., Electrochem- 
D t il book treats the major 
pa . levelopments during the last 12 can serve you by air mail 
o ears in the field of stre corrosion 
' cracking and embrittlement. @ and air parcel post? Over 
y Nuclear Engineering, ed. by Charl ] en ineerin texts 
Investigate Davison's Bor i, MeGraw-Hill Book Co 70,000 
| entry into the ng and files of every worth- 
thorium and rare ples of the main engineering di while periodical are avail- 
ciplines involved in the designs of 
marths field. Under- ‘ 
ea id¢ nuclear reactor cores and power able for further research to 
| stand they are pro- plant It also provides the nece fi d 
i! background in nuclear 
f ducing materials vad reactor meet your specific needs 
which should be of ASTM Proceedings, American So- patents, design, research, 
interest to us. construction, and manage- 
tladelphia $ "a ) 
They nave a pp S17 Oo 1957 The 1956 edition ment problems. Charges 
contain eport of 80 technical 
reputation for de- 
committe vith ippe ndice and 52 cover only the cost of the 
pendability of prod- } technical paper with discussion 
4 ucts and service. | ny of th rts services and represent but 
) Solvent Extraction in = Analytical a fraction of the value you 
/ Chemistry, George H. Morrison and . . 
| Witen & Gon will receive. 
Inc., 269 pp., $6.75, 1957.—This book, 
a —— hensive coverape {f trace concentra 
, tions, the first seetion being devoted The Engineering Societies Library 
Iwo plants, one at Pompton to principle uid the econd to the 33 West 39th Street. New York 18. NY 
Plains, N. |. (tormerly Rare practical aspect neluding appara Mr Ralph Pheips, Director 
Earths, Inc.) and one at Balu tus and techniques, @ 
ave Proceedings of the 1957 National In- Please send me informa 
dustrial Research Conference, Ar- tion pamphlet on services 
ucts Sampics ana researcn mou Ry earch Fo ndation of Illinois 
and development services are | Institute of Technology, 35 W. 33 St. available, how air mail can 
Chicago 16, IIL, $6.00, 1957.—The expedite them, and their 
proceeding include 12 paper on 
| management level decisions on re- cost. 
earch and development which were 
presented by top executives at the Name 
conference in Chicago in April. The 
paper deal vith ilk growth S 
DAVISON CHEMICAL COMPANY through research treet 
Division of WR Grace & ¢ ORDER BOOKS SO MARKED City 
THROUGH AIME 
\ddre Irene K il} hook 
Baltimore 3, Md. and Pompton Plains, N. J. Dept State 
yiven whenever pr ble 
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NOW 


98% pure fused 


Vanadium Oxide... 


immediate delivery 


... low price 


Previously, fused Vanadium Oxide 


was produced to purity specifications 


of only 86 to 89%. Now, advanced pro 


duction techniques make it possible 
for ELECTROMET to provide it at 98% 


purity —at no increase in price. 


This new grade of vanadium oxide 


provides these properties for ferrous 


and non-ferrous alloy uses: 


@ Low alkali oxide content virtually 


eliminates fuming problems. 


@ Insolubles content— mainly silica— 


reduced to new low insuring man- 


ufacture of higher quality non- 


ferrous alloys. 


For more information write ELECTRO 
METALLURGICAL COMPANY, Division 


of Union Carbide Corporation, 30 East 
42nd Street, New York 17, N. Y. 
In Canada: Electro Metallurgical 


Company, Division of Union Carbide 


Canada Limited, Toronto. 


METALS DO MORE ALL THE TIME 
«+» THANKS TO ALLOYS 


Analysis: Vanadium Oxide 98%, Alkali Oxides 


Fi, ’ 7 1-2%, Sulfur 0.05% Max., Insolubles 0.2% Max 


FERRO-ALLOYS AND METALS 


UNION 
CARBIDE 


e The tern Klectromet’ and “Union Carbide” are registered t b f Union Ca de poration 
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Ready volume... 


Metalluryicall ound 


for BOTH being pro 


CARBORUNDUM Metals in its worlds first 


luced now in quantity by 


Nuclear and 


zircommum plants to meet 


cuctiny peciication require 


ments. Certihed zirconium ingots, melted 

Chemical under positively controlled vacuum ofr 
met it ospheres by the manufacturer 

Application fabricate metal... completely eliminates 
rmsk of converting trom Sponge at your 


Ask to be ploced on the mailing list of “More ZR Facts 
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responsibility... provides certified ingots 


at a fixed price. 


CARBORUNDUM Metals’ long experience 
as a leading supplier of zirconium to the 
U.S.A.E.¢ 


record assures you of ¢ p quality metal in 


plus an unrivaled prod ction 


quantity trom the two most modern 
sponge producing plants in the industry 

at Akron, N. Y., and at Parkersburg, 
West Virginia 


the zirconium industry's first continuing source of technical information 


Oli hardness test taken at Testing yot soundness 
‘ to i i i ntervals with Ulera Retiectos 
c i re uniform mspect tor ternal poros 


pertics 


| fe by The Carborundum Metals Company 
ope to 
ity 


SECOND MELT certified ingot ready for 
fabrication. Ingots are produced from 500 to 
2500 Ibs. each in 12” to 16" diameters 

From zircon sand to zirconium ingot by one 
manufacturer—quality controlled 

all-tche-way with Proven Methods, Proven 
(Quality and Proven Performance 


FIRST MELTingor being 
withdrawn from the positively 
ontrolled vacuum or 


inert-atmosphere furnace at 


CARBORUNDUM Metals 


ZIRCONIUM INGOTS, Zircaloy ingots 
and sponge metal for open market use, are 
ivailable tor shipment now to any loca 
tion in the free world in both reactor 
ind commercial grades. CARBORINDUM 
Metals’ close relationship with leading 
zirconium fabricators who are geared to 
produce, provides you with immediate, 
reliable sources for on-specification 
welded or seamless zirconium tubes, zi 


conium sheet Strip bar, rod, wire and foil 


WRITE TODAY... for latest price lists 
technical data and delivery on all zircon 
lum = products. CARBORUNDUM Metals 


highly quali tie d statf of metallurgical engi 


neers, zirconium specialists, are available 


for assistance and recommendations 


without obligation 


Visit us at The Trade Fair of the Atomic Industry, The Coliseum, New York, Oct. 28-31. Booths 222-223 


CARBORUNDUM METALS Company 
Akron, New York, U.S.A. 
Division of THE CARBORUNDOUM COMPANY 
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TITANIUM 


sponge +—— 


Available soon at lower prices 


ZIRCONIUM AND TITANIUM 
FOR INDUSTRIAL USE 


time to do some new thinking 


um and zirconium. These metals 
rat wivantayges wil! soon be WHAT CAN YOU DO WITH TITANIUM 


plentiful at much lo , AND ZIRCONIUM AT LOWER PRICES? 


will be coming 
In the future titanium sponge prices ore ex 


with a 10-million pound per year pected to drop te about $2.00 o pound, with « 
titanium plant AND a zirconium plant which corresponding drop in the prices of mill pred 
will ipply one million pounds of that me tal vets. At these prices the exceptional strength 
© mdustry. to weight ratio and corrosion resistance of 
Zirconium from the new plant will sell for titanium can be put to work in the aircroft 
iderably le than current prices. Here's marine, automotive, chemical and allied fields 

l I. will use the most economical pro Or consider the eventual price of U.S.I. com 


on techn que ever de veloped for reduc mercial grade zirconium: an estimated $3.00 a 


h 
metallic chlorides a semi-contir pound for platelets and 2 or 2'; times this 
price for the average mill product This price 


lium reduction process. This proce 
‘ will make zirconium practical for chemical 
bilities of reducing titanium prices 
i equipment, marine equipment, food equipment 
i we 
. and surgicol metals among other uses Zirco 
wilt 
apeall abou zirconium and tita nium has light weight, high structural strength 
7 
Industrial equipment Remember excellent corrosion and heat resistance; and 
are lighter than other metals a reactor qrade zirconium has outstanding nu 


pout al pron farther. Remember that they are clear properties 


more durable than other metals—a fabricated 


product last longer 
Write to Bill Greenleaf, S.1. Manager « 


partmen 


USTRIAL CHEMICALS CO. 


Division of National Dist llers and Chemical Corporation 


99 Park Avenue, New York 
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ordered 


wall 


to 


re 


need 


For 
low al 


FLINN & DREFFEIN 


27 Easr MONROE atreey 
CHICAGO 3, 


ILLINOIS 


fol 


thermal 


tandard 


no mcrease 


Fuel 
tion eliminate 
and iu 


) Lou 


istance a 


further 
Ramtite 


Ramtite 


ENGINEERING Co, 


our hu 


| ide and burne! wall 
rhese furnace 

redesigned by Flinn 
eering Co 


the side 


why! 


Past Performance Paves the Way for Ramtite 
in New Design Billet Heating Furnaces 


installed in the 


of two billet heat 


iwe 


& 


tern 


wall 


1. Increased furnace capacity High 


teel mill 


were recently completely 
Dreffein 
and once again Ramtite wa 
and 


Engin 


burne! 


efficiency permits a 25 
reduction in thickne ove! 
wall construction —with 


in 
at 


ings 


leakage 


heat 


joint 


“aus nevel 


maintenance 


repre 


tne 


information 


Monolithn 


Inherent 
ures longer refractory 


contact 


construc 
reduce 
before 


“ill 


pall 


¥ The Ramtite Co. offers you a complete 
m ’ men who are always available to study 
— you! refractory proble mh and con ult 
‘D it with your Engineering, Mason and Ce 
1 ramic Departments about your specifi 


youl 


entative 


not a mdeline 


\ 


The 


DIV. OF THE S 
1811 South Rockwell Street 


am 


OBERMAYER CO 


\ 


tite Co. 


Chicago 8, Illinios 


This is another in a series of advertisements depicting ways Ramtite Refractories serve the steel industry 
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PURCHASE ORDER 
PURCHASE 
DA Pebrua 10 
VENDOR _Ramtite Company 19.56 
ADD SHIP P) 
RESS 
CARE 
1957 


See it 
at the Show 


ORELESS 
60 CYCLE 
INDUCTION 

ELTING 

URNAGCE 


The Metal Show 
International 
Amphitheatre 
Chicago, IIl., Nov. 4-8 
Booth No. 1406 
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A cylindrical induction coil supplied with ordinary 60 cycle current 
induces heat and vigorous electromagnetic stirring in the molten metal © 
Bhotoe, Integrdted electric controls regulate power, maintain high power 
mutomatically. Monolithic refractory linings are made by 
ming ogainst the sturdy water-cooled coil held in a rigid frome of — 
mModhetic Gnd structural steel. 

This ew principle was perfected in Europe over the last seven years. 
Over 100 Junker noces are now in use. AJAX-JUNKER designs are 
Based’ on @xperience, using American components and practices 

Quistanding results are proven in these fields: 

DUCTILE AND ALLOY |RON CASTINGS 
RECOVERY OF IRON TURNINGS 
RECOVERY OF ALUMINUM SCRAP 

Available sizes range from_] to 10 tons, with normol melting cycles 

from 2 to 4 hours. Power, rotings are 200 kw through 1500 kw, 


60 CYCLE INDUCTION MELTING 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


Associoted Companies Ajox Electrothermic Corporation Ajox Electric Company 


 AJAX-JUNKER 
\ 
| 
ATTEND THE SHOW 
j 


orelco 


PRODUCTS 
INSTRUMENTATION FOR 
RESEARCH, MATERIALS 
CONTROL AND PRODUCTION 


X-ray Diffraction Equipment 


x. 


ray Diffractometers 


roy-Spectrographs 


X-roy Thickness Plating Gouges 


ray Absorption Apporatus 


X-ray Crystal Analysis Units 


ray Tubes and Rectifiers 


X-ray Cameras, Sample 
Spinners, Pole Figure Devices 
and Accessories 


Autrometer—24 Channel 
automatic Element Analyzer 


X-ray Custom Built Equipment 
for Special Applications 


Geiger, Proportional, 
Scintillation and Flow Type 
Detectors 


Electronic Circuits for 
High Speed Detectors 

with Pulse Height Analyzers 
Decade Scalers and Ratemeters 


Electronic Timers 


Line Voltage Regulators 


Radio Compass Controls 

Electronic Testing Equipment 
Electron Microscopés 
Electron Diffraction Equipment 


Emission Microscopes 


High Voltage Generators 


Contact Microradiographic 
Equipment 


Gas Liquefier 


High Pressure Equipment 


Industrial X-ray Equipment 


Industrial X-ray Fluoroscopes 


Industrial Image Intensifiers 
with Closed Circuit Television 


X-RAY MICROGRAPHS 


PROVIDES THRU-FOCUS STUDIES OF OPAQUE, 
SEMI-OPAQUE AND TRANSPARENT MATERIALS 


APPLICATIONS: Meta/s, Alloys, Biology, Botany, Paints, Pigments, Textiles 


section 5Kv.-3Ma 


This 


data on 


inexpensive 


specimens which because of varying degrees of opacity, 


examined by microscopic means. The CMR (Contact Microradiographic Unit) 
may be used as a complement to microscopy for critical studies of internal 


Structures of materials which are opaque to the light microscope 


Because specimens need no special preparation or treatment, data provided by 
the CMR can be used to verify artefacts and matrix distortion Specimens in the 


order of SO microns or greater 
film and exposed to X-rays of 


penetration ¢ haracteristic 


are placed in contact with an ultra-fine grain 

Ihe straight-line 
» Of X-rays provide an ultra-sharp thru-focus of the 
superimposed structures of the specimen 


photog: iphically enlarged 400-S00x 


elected long wave radiation 


The resultant 1:1 micrographs can be 


The entire unit can be 


a Standard A 


darkroom without the need for protective provisions 


operated from outlet in a safelighted 


ELECTRONICS ,.«INC. 


Instruments Division 


50 SOUTH FULTON AVENUE MOUNT VERNON NOY 


In Canada: Scientific and Industrial Division Vhilips Industries 


1!) Brenteliffle Road, Leaside 


Limited 
Toronto 17, Om 
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by J. J. Burke 


( n November 26 of the year 1801, Charles 
Patchett read a paper before the Royal So 
ety in London entitled, An Analysis of a Min 
eral ubstance From North America. Conta ning 
a Metal Hitherto Unknown. The mineral was 

ent to Sir Hans Sloane of the British 


useum | ir. Winthrop of Massachusetts. The 

paper concludes with the following sentence 
Considerit theretore that the metal 
which has been examined is so very diffe 


ent from those hitherto discovered, it ap 
peared proper thatit hould be distinguished 
by a peculiar name; and, having consulted 
vith several of the eminent and ingenious 
chemists of this country, I have been in 


duced to pive it the name of Columbium 


rhe ore from which this new metal was ex- 
tracted wa iven the universally accepted name 
f columbite. The element itself ha uffered a 
harder fate, and it comes down to us with two 
rare columbium and niobium, and a history of 
wcident, parade and controversy which has 


! ed unabated for over 150 year 


History marked by confusion 


The reasons for this duality are somewhat in- 
olved, and in some places the evidence is con 
tradictor but the basic fact appeal to be a 
follow 


In 1802, a year after Hatchett discovery of 


columbium, Ekebe in Sweden, discovered an 
ther element which he called tantalum in 
Finnish mineral now KNOWN a tantalite and 
ttrotantalite. A short time later, Wollaston er- 
roneou reported that the two metals were 
identica ind the name columbium came into 
eneral ‘ this countrs while tantalum was 
hurope Mar cientist used the two 
tt rial ean \\ lla ton al o reported that the 
ime metal was found in a mineral from Boden 
Vi n Bavaria. The ore was known alternately 
is the columbite of Bodenmais and Bavarian 
il ti té 
iver the next 40 vear the mistaken idea 
we established that columbium and 
tantalum were one and the same. Firmly be 
evil this, H. Rose published the first of three 


the Chemical Gazette. He determined 
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Columbium and Niobium: 


that Ekeberg’s Finland tantalites 
ingle metal, tantalum (also called columbium), 
thus confirming Ekebery’s work 
with Wollaston, by saynig that the Bavarian min- 
metal, niobium, 


erals contained at least one neu 


and most likely two, the other 
pelopium. Pelopium was very closely allied with 


tantalum (columbium), and it 


second article, published a year 


Who Threw the Monkeywrench 


( 


‘contained a 


He differed 


be 


‘ing named 


wasn't until the 
later, that he 


was sure that pelopium and tantalum were dis- 
tinct. The third article,’ published eight years 
later, confirmed the fact that pelopium and tanta- 
lum were distinct, but admitted that pelopium 
and the previously identified niobium were one 
and the same. Prof. Rose decided that the proper 
name for the new metal should be niobium 

“As however, in any case, pelopic and ni- 

obie acids are oxides of the same metal, the 
name. The 


author decides favor ofl 


niobium.” 


later must receive only a single 


t} 


i@ name 


This was the last time anything was eve! 


written about pelopium 
Thus, the situation in 1854 


1S 


as follows: 


Hatchett’s columbium and Ekeber; 


are erroneously thought to be one 


and are called columbium in this 
tantalum in Europe. A supposed new metal has 
American ores 


been found in Bavarian and 


that Rose has named niobium 


If Rose had chosen to recognize 
prior discovery and call it columbium instead 


of niobium, the value of his work 


been to clear up the confusion 


Wollaston’s report and confirm 
and Ekeberg’ work. Instead 
confusion, he compounded it 


By 


tantalum 


and the same, 


ountry and 


Hatchett's 


would have 


arising trom 


( 


both Hatchett’s 
ot 


learing the 


the time it 


was realized that Hatchett’s columbium was not 


Ekebery’s tantalum but rather 


Ro 


usage had given niobium somethin 


vantave: reducto ad absurdum 


Attempts to clear the air 


The first article criticizing this 


appe ared In the oph cal 


a 


niobium, 
of an ad- 


e of affairs 


Magazine and 


Jou nal of Se ence in June 1854 


a Prof. A. Connell, recognize 


and speaking of nioblum says 


Ro 


The author, 


mistake 


into the Periodic Table? 


“Does it not follow very clearly that this 
metal ought to have the name of colum 
bium? M. Rose has now come to the same 
conclusion at which Mr. Hatchett arrived 
fifty years ago, when he announced that 
one new metal, to which he gave the name 

of columbium, existed in the American 

mineral columbite.” 

But Prof. Connell’s main point is to clear 
up the still-existing confusion of columbium 
with tantalum. He closes his article with the 
following 

“Of all courses, one of the most ill-advised 

eems that followed by some English 

chemists, of giving occasionally the name 

of columbium to tantalum, which as I 

understand the matter, is now quite ascet 

tained to be different from any of the othe: 
metal This course can only lead to con- 
fusion. Tantalum is not columbium.” 

By 1877, tantalum was known to be distinct, 
but columbium and niobium had grown into 

nonomous use. Articles by J. Lawrence Smith 
of Louisville, appearing both here and abroad, 
called for restoration of the original name 

it is but right, just, and in accordance 

with chemical and mineralogical prece 
dence, that the name fiven DY the di 
should replace that of niobium 


which originated forty-five years late! 


And so the problem has come down through 
the years. To all commercial users of the metal 
columbium 1 accepted name; columbium 
tabilized sta teel (type 347) is a an- 
dard grade. Yet chemists and many metal 

ll i on niobium. In 1949, thi 
ie form of a resolution of the 
Jnion of Pure and Applied Chem 
quickly coneurred in by the American 
Chemical Society and the National Research 
Council adaptiny niobium as the proper name 
(a similar resolution adapting the name wolf 
ram for tungsten was later rescinded). Objec 
tio! 1e | niobium were made in 
trade journ: representing commercial use 
of the met 
os we urge the IUPAC and the chemical! 


prot ion to reconsider tre case of e|] 


EDITORIAL 


ement 41 in favor of columbium, the name 
long accepted by the only industry that 
uses the metal commercially 
At the present time, with the metal playing 
an increasingly important role in high-tempera 
ture metals and reactor tee hnology, the need for 
a single name becomes more and more neces 
ary. At the recent EJC Nuclear Congress, pa 
pers dealing with it were about evenly divided 
The U. S. Bureau of Mines uses both names 
Men working tn the field are increasingly aware 
of the need for a single name 
“Niobium will very likely become a much 
more important element in future metal 
lurgical technology than it has been in the 
past. Particularly as far as its use as a 
metal o1 alloy rather than an alloying 
dition to oth metals. It will become in 
creasingly confusing to use two different 
names for the element. A uniform name 
relative among metallurygist is impor- 
tant 
certainly within the scope of the AIME 
a firm stand on this subject. Niobium is 
proper name for element 41; and a 
even though far removed in time and 
from its inception, remains a wrong. On 
other hand, niobium carrie the endorse 
of leading chemical societi The ques 
members with feelings either way 
hould make those feelings known in the coun 
of the Institute. A positive stand will po a 
in helping to clear the air on this 
iprect 
ol AIME journal 
oO minimize the confusion, use 


imbium exclusivels 


References 


tehet 
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Model WKLM High-Speed 


Hydraulic Cold-Sawing Machine 


assures rapid semi-automatic cutting of the com- 


mon non-ferrous metals. Provides accurate 
downward cutting of cakes, slabs, bars and 


ingots up to 12 in. thick by 60 in. wide. 
Offers speeds up to 6600 surface feet per minute. 


Standard hydraulic feeds are infinitely variable 
from Oto LOO in. per minute; special models pro- 
\ rele feeds up to 20 per minute in ¢ tPacilics 


foo miect your re quirements, 


Also available as Model WAL in standard speeds 
and feeds tor steel and the new super-alloy, non- 


lerrows rials, 


WKM (Semi-automatic) and WKMA (full- 
automatic) are available as standard WAGNER 
models for high-speed cutting of rounds, squares 
and structural shapes in capacities up to 27 in, 
for rounds. 

WAGNER, with a complete line of automatic, 
semi-automatic, and specialized machines, covers 
the entire field of cold sawing of metals. One 
of the 44 models available is “tailor-made” for 
your job. 

Therefore, to attain production efficiencies here- 
tofore unknown, use WAGNER Cold-Sawing 
Machines, Segmental-Type Blades, and Auto- 
matic Sharpening Machines. 


For complete, prompt information, contact 


* 
at So 
< 


KLINGELHOFER 


New Jersey 
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November 3-7, 1957, Morrison Hotel, Chicago, Illinois 
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FALL MEETING REPORT 


GENERAL INFORMATION SUNDAY, NOVEMBER 


3:00 to 9:00 pm, First Floor Foyer 
REGISTRATION 
11:00 am, Parlor ¢ 


IMlV COMMITTEE ON SCOPE OF TECHNICAL 
COMMITTEES 
J.H. Jackson, Chairman 


2:00 pm, Parlor B 


IMD PROGRAMS COMMITTEE MEETING 
R. L. Smith, Chairman 


4:30 pm, Parlor ( 


IMD PUBLICATIONS COMMITTEE MEETING 
C. E. Birchenall, Chairman 


5:45 pm, Mexican Room, Normandy House 
(600 North Michigan Avenue) 


THE METALLURGICAL SOCIETY, COMMIT 
PFE ON THE METALLURGICAL PROFES 
ION 
Morris Cohen, Chairman 


MONDAY NOVEMBER 4 


4:00 am, Parlor B 
BREAKFAST FOR MONDAY SESSION CHAIR 
MEN AND AUTHORS 
4:00 am to 4:00 pm, First Floor Foyer 


REGISTRATION 


9:00 am to 12:00 m, Grand Ballroom 


SYMPOSIUM ON THE RELATION OF STRU(¢ 
PURE AND HIGH-TEMPERATURE PROP- 
ERTIES 
N. J. Grant and T. H. Hazlett, Chairmen 


Nature of Aging of Iron-Chromium Alloys at 500 ¢ 


M. J. Marcinkowski and R. M. Fisher, United 
States Steel Corp. 
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MONDAY, NOVEMBER 4 MONDAY, NOVEMBER 4 


Structure and Property Studies in Ni-Cr-Al Solid 
Solution Dispersion Hardened by Ni, Al: J. H. 
Westbrook, General Electric Co 


Influence of Structures in Low-Alloyed eels 


High-Temperature Properties: L, Habraket 


Centre National de Recherches Metalluryique 


Lieve, Belgium 


Flectron Microstructure of an Age Hardenable 
Nickel-Chromium Alloy: K. G. Carrol and 1k 
Mihalisin, International Nickel Co 


Evolution of Aging Structures During High 
lremperature Exposure: W. C. Hagel and H 
Beattie, Jr General I 


Fundamental Influence of Cobalt in Resisting 
steels: W. Siegfried, W sollman . Lux, and 
H. Nohl, Battelle Memorial Institute, Geneva 


Switzerland 


Phase Changes in an Age-Hardenable Nickel Iro 
Chromium Alloy During Prolonged Heating: ‘ 


Clark and J. S. Iwanski, International Nickel Co to 12:00 m, Constitution Room 


ON STRUCTURE OF SOLID 
PION 
$. L. Av bi and A. S. Nowick, Chairmen 


Elastic Constants of Solid Solutions: Charles 5 


3mith, Case Institute of Technology 


Resistance Anomalies in Dilute Alloys: KR. W. 
Schmitt, General Electric Co 
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MONDAY, NOVEMBER 4 MONDAY, NOVEMBER 4 
in Me tals and Alloys 


Maynetic Kesonance 


wucieal 
I. J. Rowland, Electro Metallurgical Co., Div. of 
Union Carbide ¢ orp 
9:00 am to 12:00 m, Cotillion Room Activation Energies for Creep of Single Aluminum 
Crystals Favorably Oriented for (111)/ 101] Slip 
DE FORMATION J. Lytton, L. Shepard, and J. E. Dorn, University 
Chairmen of California 


N. H. Polakowski and E. J. Ripling, 


Effect of Deformation and Low Temperatures on the 
itructures of AgCd and AuZn: D. B. Masson and 
( }. Barrett, University of Chicago. rature ep rate just before a 
pe it ge the Arrhe 
‘- Size Effects in the Deformation of Aluminum—Part I 
' Bicrystals; Part Il: Single Crystals: R. L. 
Fleischer and Bruce Chalmers, Harvard Univer 
sity. 
Role of Rate-History in the Calculation of Creep i 
Behavior J. D. Lubahn, General Electric Co 
lemperature Dependence of the Yield Stress for 
and Aluminun W. D. Sylwestrowicz, 


Copper 
Kell Telephone Laboratories, 


th rate 


Abrupt Yielding and the Ductile-to-Brittle Transi 
tion in Body-Centered Cubic Metals: E. T. Wes 
sel, Westinghouse Electric Corp. (JOURNAL OF 
METALS, July 1957) 


u tr 
Grain Boundary Deformation 1 Fine-Grained will eri pr 
trolytic Magnesiun L.. Coulin The Dow 
Chemical Co., and ¢ Roberts, Shockley Semi Effect of Strain and Temper Embrittlement on the 
Laboratory. (JOURNAL OF METALS Impact Transition Temperature of an AISI E-6150 
Steel: E. F. Steeb, North American Aviation, and 


conductors 


October 1957) 
P. C. Rosenthal, University of Wisconsin. 
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isi t 


Effects of Various Preferred Orientations on the 
Dimensional Stability of Uranium: W. V. Cum 
mings, General Electric Co 


mere eller 


9:00 am to 12:00 m, Embassy Room 


STRUCTURES AND PROPERTIES OF METALS 


AND ALLOYS 
(Session Based on Submission of Research 


Abstracts.) 
W. D. Robertson and H.G. F.Wilsdort, 


Chairmen 


Preferred Orientations in Castings: Derek Walton 


and Bruce Chalmers, Harvard University. 


Dimensional Stability of Uranium-Chromium Alloys 
M. C. Fraser, G. A. Last, and S. H. Bush, Gene ral 
Electric Co. 


A Study of the Effect of Reactor Irradiation on the 
Microstructure of Uranium: T. K. Bierlein and 
B. Mastel, General Electric Co. 
Ductility in Beryllium Related to Grain Orientation 
and Grain Size: J. Greenspan, Nuclear Metals, 


Inc 
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MONDAY, NOVEMBER 4 MONDAY, NOVEMBER 4 
stimation of Coefficients for the Reactive Diffusion 
of Carbon in Zirconium Carbide E. Hirakis and 


M. A. Steinberg, Horizons, Inc. 


on the Tensile Properties 0 
Kemper, Jt ind D. L. Zim 


General Electric Cer 


ion of Silver-Gold and Coppet 
lution ; White, ¢ M. Adam 
Wulff. Massachusetts Institute of 


ithe Ther 
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Purity Zi 


Webt , Electre 
Carbide Corp 
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Irradiation Effects 
Zircaloy-2: 
nen), 
urface T Gold 
slid 
ind J Tech 
nology 
‘ Expansion Behavior of 
bite Carbide Base Cermets W. Newkirt 
Autoradiographic and Metallographi Evidence for 
Metallic Second Phase in High- 
Metallurvical Co., Div. of Unior 


ee 
MONDAY, NOVEMBER 4 
12:00 m, Parlor ¢ 
IMD TITANIUM COMMITTEE I UNCHEON 
MEETING 


L. S. Busch, Chairman 


12:00 . Parlor B 
IMD CHEMISTRY AND PHYSICS OF METALS 
COMMITTEE LUNCHEON MEETING 
Fisher, Chairman 
»:00 pm, Grand Ballroom 
sTRUC 


THE RELATION OF 
PROP 


SYMPOSIUM ON 
PEMPERATURI 


TURE AND HIGH 


ERTIES 
J. H. Bechtold and I 


ff Carbon and Nitrogen on Creep and 
Rupture Properties and Structure of 16 


8 Ni Mo Steels: G. V 


Ni and 18 Cr 
Garofalo and l Zwell, 


versity, F 


Corneil Univ 
United States Steel Corp 


M. Richmond, Chairmen 


Smith, 


NOVEMBER 4 


MONDAY 
Effect of Interstitial Elements on the Properties ol 
Cr-Mn-N-C Steels: Chi-Mei Hsiao and Ek. J 
Dulis, Crucible Steel Co. of America 
Microstructural Changes in a 42 Per Cent Ni-30 


Alloy During Creep 


Per Cent Cr-25 Per Cent Fe 
J. 


Rupture Testing E. P. Sadowski and R 


Raudebauvh, International Nickel Co 


Alloys Hardened with Re 


Nickel-Chromium 
fractory Oxide Additions: A, W. Cocharat, West 
inghouse Electric Corp 
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MONDAY, NOVEMBER 4 MONDAY, NOVEMBER 4 


of Spherical and Platelike Precipitate 
to Creep and Tensile Strength: E. E 
iderwood, Battelle Memorial Institute 


4 


Free Energy Changes Attending the Martensitic 
Transformation in the Fe-Cr and Fe-Cr-Ni 
tems: Larry Kaufman, Lincoln Laboratory, Mass 
achusetts Institute of Technology 


Creep and Structure Studies of Two-Phase Alumi 


num Copper Alloys: R. Pelloux, A. R. Chaudhurt 
and N. J. Grant. Massachusetts Institute of Tech 


00 pr Constitution Room 


SUMMARIES ON STRI 
OLID SOLUTION 


(Session Based on ibmission of Re 
ct 


Fisher and ¢ \ Wert, Chairmet 


of Hydrogen in Thorium Metal 

and D. G. Westlake. lowa Stat erry Calculation of Entropies of Solute Atoms from Solid 
Solubilities: J. F. Freedman, Yale University 
and A. S. Nowick, Watson Laboratories, 
tional Business Machines Corp 


Interna 
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MONDAY, NOVEMBER 4 
Alloying Behavior of Ni, Al (y'- Phase) 
and J. H. We stbrook 


R.W 
General Electric 


Co 


Guard 


Elastic Interaction of Interstitial Atoms in Body 
Centered Cubic Crystals: J. C. Fisher, General 
Electric Co 


2:00 to 5:00 pm, Cotillion Room 

TITANIUM METALLURGY 

Misfit Strain Energy in the Gold-Copper System D. W. Levinson and R. A. Perkins, Chairmen 
Ralph Hultgren, University of California. (JOUR 

NAL OF METALS, October 1957) 


Phase Transformations in Hypoeutectoid Titanium 
Chromium Alloys: H. I. Aaronson, W. B. Triplett 
and G. M. Andes, Carneyie Institute of Technology 
(JOURNAL OF METALS, October 1957) 


An Acoustical Study of Low Temperature 
Al-4.2 Cu: M. E 


Ayving in 
ern University. 


Fine and C. Chiou, Northwest 


Notch Tensile Properties of Selected Titanium Al 
loys: E. P. Klier 


Syracuse University, and N. J 
Feola, Curtiss-Wright Corp. (JOURNAL OF 
METALS, October 1957) 


Effect of Hydrogen on the Fatigue Properties of Ti 
tanium and Ti-#Mn Alloy: L. W. Berger, W. 5S 
Hyler, and R. |. Jaffee, Battelle Memorial Insti 
tute. (JOURNAL OF METALS, January 1958) 
Hydrog 
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Distribut Heat-Treated Tita 
i tabi hed t Autoradi ipl 
P. Ft t, Me il Institute 
iAL, OF METAI July 195% 
Reorientation Texture Developed by Isothermally 
Annealing Cold-Rolled lodide Titanium: ¢ J 
i ty and He val for Titanium and opart Jr Wr wht Ail Deve lopment Cente! ana 
M. Albee ind M.W.M J. P. Hammond, Oak Ridge National Laboratory 
Fhatte M Institute 
nt on Hard { lod 
woul OF METAI Januar 195! 
2:00 to 5:00 pm, Embassy Roon 
DEFORMATION AND OXIDATION 
(Session Based on Submission of Research 
Effect of Hyd ‘ e Me il Properti Abstracts 
{a Titaniu All Heat Treated H tre i B. D. Cullity and W lr. Chandler, Chairmen 
H. A. Kobi P. | br t, and W. M. I ai Hydrowen,. Crack Initiation, and Delayed Failure in 
liattelle Men rial institute steel: H.H Johnson J. G. Morlet,. and A. R 
Troiano,. Case Institute of Technology 
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Pyramidal Slip in Magnesium: R. E. Reed Hill and 
W. D. Robertson, Yale University 


Grain Boundary Shear in Aluminum: F Weinberg, 
Fracture of Zinc-Monocrystals and Bicrystals Department of Mines and Technic al Surveys, Ot 
J. J. Gilman, General Electric Co tawa, Ontario 


Temperature Dependence of Flow and Fracture In 
Coated Zinc Single Crystals: L. C. Weiner, Co 
lumbia University 


Delay Time in Face-Centered Cubic Metals I. k 
Kramer and H.R. Peiffer, Rias, Ince 
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lip Direction of 


Work Hardening on the Latent 
Alpha brass Durin Glide Phillip 
ind W. D. Robertson, Yale University " 
Structural Aspects of the Corrosion of Stainless 
Steel at 500 Deg. to 700 Deg. ¢ 
pheres: E. A. Gulbransen r. Copan 
Rooyen, Westinghouse Electric Corp 
Imipurit ibstructures in Zu ingle Crystal 
F. Wilsdort, Frankl Institute 


Fabrication of Uranium Dioxide 
by Hydrostatic 
Anicetti 


R. J 
Oxidation of Zircaloy- 2 and 3A at JOO Deg. Ct 
50 Deg. ¢ I 4 Gulbransen and K. F. Andrew 
West ise Electric Corp 
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Pressing: H. W 


in Gaseous Atmos 
and D. van 


Fuel Element Shapes 
Newkirk, Jr and 


General Electric Co 
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MONDAY, NOVEMBER 4 rUESDAY, NOVEMBER 5 


Effect of Alloying on the High-Temperature Creep 
Properties of Metals: J. Weertman, United States 


Naval Research Laboratory 


4:30 pm, Parlor B 


IMD MEMBERSHIP COMMITTEE MEETING 
J. H. Keeler, Chairman xh temp. 


6:00 pm, Parlor C 


METALLURGICAL SOCIETY EDUCATION COM 
MITTEE DINNER MEETING 
R. Schuhmann, Jr., Chairman 


TUESDAY, NOVEMBER 5 


7:30 am, Parlor B 


BREAKFAST FOR TUESDAY SESSION CHAIR 
MEN AND AUTHORS 


8:00 am to 4:00 pm, First Floor Foyer 
Magnetic Study of Precipitation Hardening 


REGISTRATION Livingston, General Electric Co 
9:00 am to 12:00 m, Grand Ballroom 


SYMPOSIUM ON TITANIUM 
L. S. Busch, Mallory-Sharon Titanium Corp 


Introductory Remarks: L. S. Busch, Mallory-Sharon 
Pitanium Corp 
Keynote Speaker: John H. Garrett, Executive Secre 


tary, Coordinating Committee on Materials, Of 


fice of Assistant Secretary of VDelense 
rITANIUM’S PROGRESS, AT HOME AND 
ABROAD 
United States Progress in Titanium —1956-1957 
W. J. Harris, Jr., Minerals and Metals Advisory 
Board of National Academy of Science, National 
Research Council 


Question and answer period from audience 


Furopean Progress in Titanium: Eric Swainson 
mp li Chemic: ( > i 
Imperial Chemicals Industrie Birmingham Strength of Ave-Hardened Alloys: A. Kelly, North 
England 
western University 
Question and answer period from audience 
9:00 am to 12:00 m, Cotillion Room 
SEMINAR ON SCIENCE OF METAL HAR 


DENING 
M.E. Fine and J. Washburn, Chairmen 


OCTOBER 1957, JOURNAL OF METALS 


7 © © © © © 6FALL MEETING REPORT 
+ 
1000-10000 p 
j kT) 
for pur ‘ 
he range of if t he rate 
! 
‘ 
‘ pate 
‘ 
t 
‘ However 
J.D 
‘ be 
efu h data are if btain for ‘ 
e al 
p pel 
i pper 
{pr j ate 
! 
par 
‘ 
) j 
i 
” ‘ 
‘ the 
a 


FALL MEETING REPORT 


DAY, NOVEMBER 5 rUESDAY, NOVEMBER 5 


Rolled Alumut 


mation in the 
formation: D 


ven from Molten Alun 


Hydre« 
etal Wor 


Penns ylvank 


blast Prope rtie f Yttriun 

Rare Farth Flement 
ind F. H peddin 
AL. OF METALS 


of Copper Powder J. 


Desorption 
Co., and M, J. Sinnott 


General Electric 


ity of Michigan 


ca and Copper Alumina Alloy 
Interest: K. M Zwilsky an 
stitute of Techn 


Roon Copper-Sili 
lemperature 

tkKMPERATURI Grant, Ma achusetts In 
(JOURNAL OF METALS, October 1957 


12:00 n 


NON-FERROT AND HIGH 


ALLOY 
nm. W. Guard and H. Burte hairmen 


ist Ma i irth Metal. Zire 
Dow Chemical ¢ 
el, Carne Institute { Technolog 


METAL, er 1957 


JOURNAL OF METALS OCTOBER 1957 


’ 
Blister Formation in J. H 
©’ Dette Aluminum Laboratories, Ltd. (JOl RNAI 
OF METAI July 1957 
Marts te Tran S. Lieberman, 
a ersity of Illino 
i Asutosh Pal, M Cal 
itta, and H. M. Davi Mu: State Univer 
ind Eleven of the 
Smith, ¢ F. Carlsor 
ite llewe IOUR 
1957) 
(sas Tobin, 
Univer 
{ Higt 
100 an to Ny 
— 
ina ¢ n 
ind 
JOURNAL Of 


FALL MEETING REPORT 


TUESDAY, NOVEMBER 5 TUESDAY, NOVEMBER 5 
Metallurgical Observations of Nitrides in Chromiun 2:00 to 5:00 pm, Cotillion Room 
1. S. Servi and W. D. Forgeng, Electro Metallur 


».. Div. of Union Carbide Corp. RESEARCH SUMMARIES ON SCIENCE OF 


METAL HARDENING 
R.S. Davis and H. W 


Paxton, Chairmen 
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Guard, General Electric Co 
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Grain Boundary Sliding in Copper Bi-Crystals: J 
Intrater and FE. S. Machlin, Columbia University 
Detection of Dislocation Tilts and Strains by X-Rays 
Larry Kaufman and S. A. Kulin, Lincoln Labora 
tory, Massachusetts Institute of Technology 


hifect of Carbide Di persion on the strength of Tem 
pered Martensite: A.M. Turkalo and J. R. Low 


General klectrie Ce 


Effect of Order- Disorder on the Strength of Beta 
Brass: Norman Brown, University of Pennsyl 
Vania 
Dispersion Hardening by Spherical Particles: H. R 
Peitfer and R. H. Read, Rias, Ine and A. J. Sha 
ler, Pennsylvania State University 
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TUESDAY, NOVEMBER 5 TUESDAY, NOVEMBER 5 


Irradiation Stability of Low Weight Per Cent Uranium 
Zirconium Alloys: A. H. Willis, Gene ral klectric 


2:00 to 5:00 pm, Embassy Room 
Metallography of Irradiated Uranium Preparation, 
NUCLEAR METALS Cathodic Vacuum Etching, and Replication r. K 
R. Van Thyne and D. W. Lillie, Chairmen Bierlein, J. R. Morgan, and G. R. Mallett General 
Electric Co 
Effect of Heat Treatment on the Hardness and Mi 
crostructure of Uranium- Titanium Alloys: D. L 
Douglass and L. L. Marsh, J: Battelle Memor} il 
Institute. (JOURNAL OF METALS, October 1957) 


‘orrosion Mechanism of Uranium- Base Alloys in 
High-Temperature Water: M W. Burkart and B 
Lustman, Westinghouse Flectric Corp (JOURNAI 
OF METALS, January 1958) 


Preferred Orientation in Rolled Uranium Rods 
M.H. Mueller and H. W. Knott, Argonne National 4 Mechanism by Which Zr and Ti Inhibit Corrosion 
Laboratory, W. P. Chernock, Combustion Engi and Mass Transfer of Steels by Liquid Heavy 
neering. Inc., and P. A. Beck, University of Illi Metals: O. F. Kammerer, J. R. Weeks, J. Sado 
nois ky. W.E. Miller, and D.H. Gurinsky, Brookhaven 
National Laboratory JOURNAL OF METALS 


January 195! 


2-00 to 5:00 pm, Exhibit Hall 


SESSION I]1—~CONTINUOUS STE} LMAKING 


lransformation Kinetics of Uranium -Zirconium Al of Iron and Steel Division sessions 


loys Containing 50 and 60 Weight Per Cent Ura ft 63 of program 
nium: J. J. Kearns, Westinghouse Electric Corp 


Uranium -Silicon Epsilon Phase Isserow, Nuclear 4:90 pm Parlor ¢ 

Metals Inc. (JOURNAL OF METALS, October 

1957) NUCLEAR METALLURGY COMMITTE! 
MEETING 


F. G. Foote, Chairman 
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On the Occurrence of Oxygen ast Iron: Gustal 
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Cyril Well iM W. Mallett, Chat 
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Approximate Method for Cal ulations Using Concen 
tration- Dependent Diffusion Coefficient A. G 
Guy and M. Golomb, Purdue University, and A 

Dow Chemical Co. (JOURNAL OF METAL 


r 1957 


Interaction of Oxygen with Dislocations in Alpha- 
Titanium and Its Effect on the Ductile-to-Brittle 
Transition: Devendra Gupta, New York University, 
and Sheldon Weinig, Materials Research Corp 


Kure perpur 


600 to 10:30 am, Embassy Room 


ITTANIUM 
ion Based on t sion of Research Ab 
cts 
Hosi and } nberg, Chairmen 


is of Titanium Alloys by the V 
Method: H. Littman, barber 


Munyver, Syracuse Univers 


Effect of Alpha-Beta Ratio on the Heat Treated 
Properties of Titanium Alloys: R. J. Quigg, E. I 
Harmon, Jr., and A. R. Troiano, Case Institute of 


Pechnology 


il Resistivity Anomalies in Titanium 
Alloys: R. J. Wasilewski, E. 1. du Pont de 
s and Co 
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was attributed t ation sced transtor 
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Grain Boundary Adsorption of Solutes and Its Effect 
on the Creep Properties of Alpha Titanium: J. Cold Working of Uranium: J. M. Taub, D. T. Doil, 
Winter, New York University, and Sheldon Weinig, and G. S. Hanks, Los Alamos Scientific Labora 

Materials Research Corp tory 


pep Fusion Welding of Uranium: E. L. Brundige, D. T 
4 both | Doll, G. S. Hanks, and J. M. Taub, Los Alamos 
B wel Scientific Laboratory 


Elevated Temperature Characteristics of Internally 
Oxidized Titanium-Cerium Alloys: R. H. Hiltz, Jr 
and N. J. Grant, Massachusetts Institute of Tech 


nology 


Powder Metallurgy of Uranium and Uranium Alloys 
J. L. Zambrow, Sylvania-Corning Nuclear Corp 


ila 


12:30 pm, Pent House, 42nd Floor 


METALLURGICAL SOCIETY BOARD OF DI - 
RECTORS LUNCHEON MEETING fr tive rt tet 
J. C. Kinnear, Jr., President rug format 


2:00 to 5:00 pm, Grand Ballroom 


SYMPOSIUM ON URANIUM AND URANIUM 
DIOXIDE 
A. R. Kaufmann and J. M. Taub, Chairmen 


Various Methods of Preparing Uranium Dioxide for 


Extrusion of Uranium: P. Loewenstein, Nuclear Fuel Element Use: G. W. Tompkin, D. F. Rhodes 
Metals, Inc and C. M. Henderson, Mallinckrodt Chemical 
Works 
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Effect of High-Temperature Aging on the Develop 
ment of Minor Phases in an Age-Hardening Nickel 
jase Alloy: W. C. Bigelow, J. A. Amy, and L. O 
Brockway, University of Michigan 


Uranium Dioxide for | ‘ 
J. Glatter, Bettis Plant 


X-Ray Investigation of Recrystallized Aluminum 
S. Weissman, Rutgers University 


cation of High-Density Uranium Dioxide Fue! 
nponents for the First Pressurized Water Re 
J 


‘ J. Burke Glatter, H. P. Howe 
chaner, Bettis Plant, Westinghouse 


2:00 to 5:00 pm, Constitution Room Transformation Kinetics and Mechanical Properti« 
of Zr-Mo Alloy R. F. Dogmala, D. W. Levinson 
PRANS FORMATION: and D. J. Me Pherson, Armour Research Founda 
W.M. Mullins and J. Washburn Chairmer tion. (JOURNAL OF METALS, October 1957) 


Mict raphic Investigation of Precipitation in Lead 
Pin Alloy LD. Turnbull and H. N. Treafti Gen 
eral ¢ (JOURNAL OF METAI 


Textures of Cold-Rolled and Recrystallized Crystals 
of Silicon-Iron: J. L. Walter and W. R. Hibbard, 
Jt General tric Co 


moot Precipitati in an Alloy of Copper 


Per Cent Iron: J. B. Newkirk, General 
( JOURNAL OF METALS, October 1957) 
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Elimination of Maygneti Effects in Beryliiun 


Coppel Harold Bernstein 
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Atomic Size Effects in CryO-Type Structures: M. V 
National Laboratory 


itt, Argonne 


Role of Recovery and Recrystallization on the Creep 
Behavior of 2S Aluminum: M. B. Happ 
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and Marvaret V. Doyle 
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2.00 to 5:00 pm, Embassy 


SYMPOSIUM ON THE RELATION OF 
PURE AND HIGH- TEMPERATURE 


W. Guard 
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Alloys at Elevated 
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R. W. Fenn, Jr., Dow Role 
University of California 
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Chemical Co 
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THURSDAY, NOVEMBER 7 


7:30 am, Cub Room 


IMD POWDFR METALLURGY EXECUTIVE 
COMMITTEE BREAKFAST MEETING 
F. V. Lenel, Chairman 


9:00 am to 12:00 m, First Floor Foyer 


REGISTRATION 


9:00 am to 12:00 m, Embassy Room 


DEFORMATION AND RELATED PROBLEMS 
(Session Based on Submission of Research 
Abstracts 
M.R. Achter and R. L. Smith, Chairmen 


Role of Polygonization in Creep: R.W. Guard, 
General Electric Co 


) 


Comparison of the Creep-Rupture Properties of 


Nickel in Air and Vacuum: P. Shahinian and M 


Achter, U.S. Naval Research Laboratory 


THURSDAY, NOVEMBER 7 


Deformation of Rhenium: A. T. Churchman, Asso 
ciated Electrical Industries, Ltd., London, En, 


land 


Internal Friction in Aluminum at Low Temperature 
A. J. Filmer, G. J. Hutton, and 7 Hutchison 
Royal Military Colleve of Canada 


Deformation of Aluminum Single Crystals at 77 
Deg. ( A. Kelly and S. Sato, Northwestern Uni 


versity 


Resistivity Recovery in Cold-Worked Aluminum 


H.R. Peiffer andl. R. Kramer, Rias, Ine 
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1-00 am to 12:00 m, Madison Room 
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Abnormal Grain Growth in High-Purity, Extruded 
Magnesium: F. D. Rosenthal and G. J. Mills, Jet 
Propulsion Laboratory, California Institute of 
Pechnology 


Nature and Kinetics of Precipitation in a 16 Per 
Cent Vanadium, 2.5 Per Cent Aluminum - Titanium 
Alloy: E. L. Harmon, Electro Metallurgical Co 
Div. of Union Carbide Corp., and A. R. Troiano 
Case Institute of Technology 


A Contribution to the Phase Diagram of Silver 
Copper-Cadmium: K. M. Weigert, Curtiss 
Wright Corp 


Diffusion of Heat and Mass in Growth of Precipi 
tates from Supersaturated Solutions: C. M. Adams, 
Jr., Massachusetts Institute of Technology 
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lubility of Hydrogen in the 
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K. F. Andrew, and R. J. Ruka Westinghouse 
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SESSION I—RECENT DEVELOPMENTS IN 


STEELMAKING PRACTICES 
H. B. Emerick and Pierre Coheur, Chairmen 


Observations Regarding Properties and Perforn 
ance of Continuously Cast Low Carbon Steel 
Products: R. N. Edmonson, L. Mair, and M. Ten 
enbaum, Inland Steel Co 
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esses: K. G. Speith and H. vom Ende, Mannesmann 
Huttenwerke A.G Duisburg, Germany 
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Fundamentals 


Of Scale Model Experiments 


Pilot plant studies can be potent tools toward understand- 


ing complex metallurgical processes. Since industries grow 
more economic with size, pilot plants are a necessary step in 


by W. O. Philbrook 


EITHER capital investment nor operating cost 
NN: a furnace or mill increases in direct propor 
tion to its size, so large plants with huge producing 
units can operate at lower cost per ton of product 
than smaller installation The need for bigne 
places a severe hurdle in the path of developing and 
launching a new proce New processes are not 
born big, but grow through laboratory and pilot 
plant stage A considerable extrapolation is ne¢ 
essary, not only to design large-scale producing 
units, but also to predict whether the costs can be 
competitive with existing methods for accomplish 
ing the same ultimate result 

It is evident that there is a great incentive for the 
process metallurgist to use reduced scale models o1 
pilot plant facilities to study metallurgical processe 
provided that information learned in this way can 
afely be extrapolated up to full-scale operation 
One of the strongest justifications, in fact, is that 
ome metallurgical processes are so complex that 
almost the only hope of understanding them lies in 
breaking them down into sub-processes that can be 
tudied independently under laboratory control. In 
deed, some of our laboratory test uch as the de 
termination of the reducibility of an ore or the per 
meability of a bed of charge materials, are attempt 


to isolate a portion of the proce for controlled 
tudy Sometimes this relation of the test to the 
proce l not clearly recognized imilarity criteria 


are not considered, and the results of the test are 
likely to be misinterpreted. It is, therefore, worth 
while to understand the guiding principles of model 
tudy so that the information obtained in the lab 
oratory or pilot plant may be used intelligently to 
ynthesize a picture of the over-all proce 

The province of the scale model and the pilot 
plant is the tudy of flow or transfer proce ‘ in 
which fluid flow, heat or mass transfer by one o1 


W O. PHILBROOK 
Carnegie Institute of Technology, Pittsburgh. This paper was pre 
pared with the cooperation of the US. Bureau of Mines Pyromet 
allurgical Leboratory, Pittsburgh, and was presented at the AIME 
Annual Meeting, New Orleans, February 1957 

The author takes sole responsibility for interpretations and 
opinions expressed 


is Professor of Metallurgical Engineering 


both the design and economics of process development. 


more of 


kinetics, may play significant role 


The objective of model study 


The two objectives mentioned earlier have been 
designated by Thring' as prediction siumilanty when 
the objective is the design and translation of new 
processes from the laboratory to full seale, and 
diagnosis similarity when the intention it to learn 


more about 


the laws governing existing proce 


The underlying principles are the same fo 


but the latter application impli 


amount of experience with the behavior of the 


ce in full 
hrewder judgments to be made about several 
pect of the 


dimensional analysis is the backbone of the method, 
and Bridgman’ stresses that this tool require ome 
ophistication about the nature of the proce unde 


tudy. Furthe1 


cale is available This would enable 


veral possible mechanisms, or chemical 


both, 


pro 


that a considerable 


problem of model study To begin with, 


processes makes it impossible to attain full imilari 


the comple of real metallurgical 


ty between cale model and commercial proto 
type Success of the method rests entirely upon 
whether or not it is possible to relegate some sub 


processes to a negligible role or to learn to correct 
for them by calculation based on systematic investi 
gation. A considerable amount of judgment and 
Table |. Nomenclature of terms used 
A ‘ 4 ft 
ere heat, Btu pe be 
fl ‘ qf 
tar j ft) ‘ 
" ent of } fe ft 
netar ft 
juct pe ft 
ne f ive f te ft 
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iperf elocit ilated for empt ection ‘ 
{ duct, sq ft 
the iiffu it q ft pe 
e t qf ‘ 
t per cu ft 
irf te b ‘ ft 
f 


ndependent 


each 
a whol 
principles will be clat xample 
from common fluid-flow and hei ! r applica 
ion 
One important consequence of dimensto ial analy 
application to model laws | li he dimen 
roup 


radient be 


demand 


Dimensional analysis Tabl The quantity LVp/p» will be recognized a 
Ps the dimension parameter call h teynold 
Number li character l i motion 


ystem 


Applications to heat transfer 


An example f the functional rela 
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‘ ist be used in drawi conclusior from constants that are necessary to describe a real pro 
j «© experiment hen anything e com ct can be arranged into grou] in which the al 
pe u ple flow ! ved mensions of the individual terms cancel out This 1 
ene pu ble because all dimer! or are products of pow 
Similarity conditions en of the primary unit and erode’ or quotient 
lod ine mpl tatement of conditior if these terms taken to appropriate exponents Can 
rele } } pres both the de} be arranged so that the aigebrat im of the ex- 
nd the prototype th respect to certain qualiti ponents for each primary unit vanish Usually the 
titute t number of such dimensionie roups 1s equal to the 
1} which fundamen number of independent variabie and dimensional! 
ter rent ed explieitly eo constants minus the number of prima! init but 
retrie ! Phe conditions fe t are a three there are exceptions to this rule under certain math 
‘ equ nt of phot iphic enlargement ematical condition A consequence of the it Theo 
wt ‘ lentity of shape, equality of cot rem is that the natural laws describing a proce ure 
espond ' re ind a constant propor |B of the system of units employed. It 
! e factor relating corresponding linea! necessary only that all quantitie within a dimen- 
(jeometric equivalence equired of one group be expressed in cor istent unit 
t t mu be pe ble to re The natural law that deseribe the funct onal re 
t} ement | otropi ten For lation among the variables of any proce can be 
‘ ’ ’ haft furnace operatu inder steady expressed a ome mathematical function of its d 
. ble to negleet or correct for mensionle paramete! This function may be m- 
f] ry the i livection that the proce need ple or complex, algebraic or tran cendental. Its form 
felled or rit n the axial direc must be discovered by experiment Dimensional 
perhu ent eule modu! mivht be analysi can not firnd the olution but can a ist by 
| t f i} and lial dimension howing how the variable ma be arranged into 
Just se equires a constant dimensionle yroup This information can greatly 
nen dimensior othe ry +} 4 ri men? oft needed to establish 
ol equire | mpportionality of other 
Kinematic similarity requires that veloc: 
tie na dient nm the ame ratio at 
equ slent position i tems, and dynam 
! ‘ bite thie Variou trunmste 
‘ or mad heat if 
ithe Phe condition ict imilariti 
‘ miuced tf cert na er p 
ret Cotte the final objective of a model stud ple in =the teady flow of fluid U igh wo 
estat eondit of complete eometrically rmilat ystem kinematu rity 
' ne mode of operation but ither to require that the velocity and velocity Ei 
the natural inder which the proce n the same proportion in the two systems at 
t evealed | functional relation amor ponding location and dynamic similarity 
{ 1} limes rile pauramete Here d that the atio of viscou to inertial force be the 
mie onal at | isn of a tance ame for both ystem These conditior ure atis- 
ete plactian of seecondat of a fluid ina given It will be re ed that 
tr thes the friction factor, used to calulate pressure drop in 
: t tv cor { f unit the dvne and ¢ geet the flow of fluid through a duct the same for equal 
‘ ‘ no abs value of the Reynolds Number in geometrically 
tation nel bit defined unit imilar systems shape and roughness) 
fired f puicanatit hich could o be expressed dimensionle groups for a natural proce may be 
tert t? init ther thane taken from the farnil al field of heat transfet The 
‘ lit tant that ite of convective heat tra! fer between a fluid and 
tes the ’ tudes of the independently defined a surface commonly taken as proportional to the 
j f wre CO? tant have both irface ind to the tempe iture difference be 
‘ dimet or and are known a tween the bulk of the fluid and the infact 
Important examples are the q = hA (t—t) 
trie elation between the 
pound of Tor ind the other primary units of the rhe proportionality constant h ts called the local in- 
let P17 (fty/ell ) d dual coefficient of heat transfer 
) +} equivalent of heat It ae red to predict fia i function of the com 
(ft) cit )/ itu The dimensional cor etl of the svstem, the flow conditior the prope! 
! Is ¢ lo equations ¢ é ! natural law ties of the fluid. and any other relevant factor It 
nits occur that e not inter that three dimensionl roups are iffi 
ehuted | t unit ment forced convection, the Reynoid Num 
Phe Uh fee f dimer nal anal tate ber describes the state of motior ist as it does for 
that al f thi ! mt \ ibles and dimensional fluid flow; and the Prandtl Number, N c,p/k, ac- 
- 


counts for significant properties of the fluid The 


heat transfer coefficient must be in¢ luded within the 


third dimensionle group, which may be the Nu 
elt Number, N hL/} (An alternate choice, the 
Stanton Numbe h/V pe obtained by divid 
ng N by the product N N and yields no new 
nformation.) The problem then becomes one ©} 
finding the functional relation amon N (or Nz.) 
N,. and N for a given geometrical arrangement 
For turbulent flow condition within restricted 
inves of Reynolds Number, the functional relation 


can commonly be represented by an equation of the 


Here, the coefficient C and the exponents ™ and 
depend upon the geometry of the system and the 
but one relation will corre 


ta for a variety of gases and liquid The 


for the multiplicity ol! empirical correlation 
equations in the heat transfer literature | that dif 
ferent relations apply for each shape o! urface and 


to the tream, a well as for lim ted 


aN? 


t onrentation 
iTipie ol flow condition in natural and forced con 
hed An experimental converter used in pilot plant studies by 


tior Each of these relations must be establ 


vectllo 
in this field it is well recognized the U.S. Bureau of Mines 


by experime nt, but 


that laboratory results may accurately predict the 
| in fluid im stead flow a duct, but they 
behavior of commercial apparatus where imilarity 
come important in where wave 
yrevall 
involved i movil through wave in 
) ott ortant ications of dimensionie 
aeep vule md metal it motion in con 
imilarity in model verte The critervon to in the ratio ol 
OV ov actol ( operty Value can and 
} } w sceale tat ma pe inh kinetic to potential ene the Froude 
must be idjusted to maintal imilarit between mt ble te ttain 
\ ) musi iv i 
mode] ) ere it will be convenient to ust 
nal. imilarity for both the Ke nolds and Froude num 
vhet alled the kinematse 
L\ ber imultaneousl with tbe ame fluid with ans 
osit A rt ty build a flow odel to 
one wal change in linea ecale. because if LV is held con 
Ciule linear dime! na it rit ame fluid tant \ IL. can not be cor tant also uni L and V 
th tt locity n t be ten times as great in the ; 
1.1 i remain unchanged, it not likely in practice that 
! ‘ \ and hence adynami 
: litable choice of fluid can be n that p/p 
mill it yoth model nad tull le appuratu 
vou can be altered to permit nilarit for both WN and 
bocit ré metin inconvenient or a 
i J I'he dilemn of modellu to meet more than 
ilt te tt anothe! ernat ‘ possibile to 
pa il! ind a i | one ¢ ite ion of int rit ‘ even for relatively 
le flow te The kinemats cosit v, 
| ( ft ten 
0.0435 sq tt pe hr to t 60 md al 
The part olution fo ich) problen lie in 
pe to i] it’ the empe i ‘ rati ol ome | viedve of the of the ten It 
bout 1:1 1 m be t? 
It ca ; is known trot cor lerable bod of expenence i 
possible at equal the flow of fluids that the Reynold umber be 
‘ il¢ na come el fear ree at eloped 
} rer t if vit 
The } iti ( ‘ ‘ crease h tem turbulent fi (} " ‘ of ) has been at 
perature nd fo highe it 00 F than at it imptior 
ere ‘ ‘ atyle ye ) j 
| hit or ( ‘ ed te 
= = pe criteriot ht have only min negligible influ 
i te flow of a at Z50U0 F isi! th ame veé 
ence under certain circumstances where highly tu 
eit +} th fii } 
! te i Cale bulent flow « 1 bye ected It per ert 
nciple of ! } id ‘ ma de ned t ilate the t f metal and lay in 
calle mod i he He ld teely | erte eof ilt have heen 
init nation ity ‘ ‘ | bus the than he nold 
the neces of cor ferir milarit of Mach 
wu 17 
Thus fa one dimensionie been if ivi t on ind upersoni 
cor dered, te etl me ed ‘ Ir ‘ irnface or inte rlacial 
hetweeor ly j ten ‘ n the emul 
totvpe. G tut force ire a med me byle ficat f { met Wet surnbe N 
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Movement of solid particles 
Phe | 


in Dlast 


ili 


Chemical recctions and hot models 
The operation of a high-temperature metallurgical 


proce on a reduced scale to obtain results that are 


juantitativels wv predicting or explaining 
behavior in full ale is a most difficult problem 
Indeed, it 1 robably necessary in general to op 
models in several ways in order to 


be able to draw inference that will help to con 
truct the total picture rather than to hope for exact 

Damkohler” seem 
ilarity rules for processes involving chem 


to have been the first to enun 


He derived tive conditions that are 


buat between oO nal and model 
dad contents) 

ri xpre 
proce ‘ r the 
mentum i and material; the 
dimensionte atio value 


both arc riginal 


respect vely 
ity hold r Thring li tated 


pole eomet 
proce 


these iter in non-mathematic: 


Fluid tlow models 


Ite riterion lat of flow 
ady been , reat many 
open 
been made 
t chemical 


Molecul 


Molecule emoved 


Second chemiuci 


Molec 


Moles 


First thermodynamic 


enerated pel 


Selection of criteria 


The problen of mode 


apparent If I 
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q.,1 ries ¢ more phase would in all prob tunately, howeve methods of predicting variation 
mportant With particle nape iceave ! ich to be ade ed, and 
there for systematic work on flow in 
Dlast furnace 
lividual olid pat Traustel’ ha tuted that milarit with re pect 
j ‘ rechat ly disturbed bed, in to over-all permeability of a bea ol can be 
cluding t int ' ind sepregation because iccomplished even though Reynold milarity may 
{ ‘ ’ ‘ nd @cifie : ' difference can he not be obeyed down to the mallest details of flow 
: f ' jerable importance because of the influence past individual particle He believes that similarity 
: f the particle d t bution on fluid flow heat trur of flow in the mallest detail not ignificant in cal- 
etiol that will transpire within ng combustior vasification, and smeltin proce 
he bed so formed. An « ellent exan eis the d Ising COKE nd ore. It does not seen ife toa ime 
tribution of el e mate on the stock ne of a however, that the gro evregation Known to pre 
blast furnace from the skip car through the bell and Viel EEE Urnaces can be ignored entire! 
! ‘ ement everal model have 
na od a ecrment beer nown be 
t furnges The it work are ravity 
| nd full seale fo milarity as to 
fact ind coefligqents of friction. Traustel 
Piste) thee iv for riilarit of 
ate tie vill e reductiol be worded 
roth is fol A If the sereer ze dists 
Poul of the natural yey ite al plotted in the 
i cent retained or eive vs the 
creen aperature, then a lot which 
! tri the natural umiple but a placed 
thie riteal ) VA! ix ia 
tint ! thie ol thie luctor 
! this it pou ticle through 
iti j bie nee fe, the « rrenmte 
li hether the laws of settling and classif 
‘ it troduce ivnificant rmilarit 
a 
follow 
larity criterior 
= 
heurtl force per unit ve inne 
en criterion 
ro Where ¢ entially one fonerated pr ec bY reactor 
onal flow could be iu immed 
transparent plates or water table per sec by flov 
nave been used to discover How patterns and criterion 
ete. Three-dimensional transparent plasts 
have ilso been made The flow pattern in rem ved pr ec by diffusion 
ali ted t the models have been checked in operat 
ne furnaces by means of smudge blocks held in 
Heat cE sec by reaction 
‘ th to produce i smoke plume to trace 
the flow lines, pitometer probes, et Heat removed per sec by flow 
; The flow of through packed columl and 
through fluidized hed he » Second thermodynamic criterion 
rite mad al imiety oft correlation He it en ated pe ect eact 
" codlure have been advanced for relating the flow Heat removed per sec by conduction ete 
te nal pore ire drop, or bed permeability to 
cl vole ti of the charge For uniform bed 
ecment tral luted into cCominon form llin to all five criteria are 
except that there appears to be a range dependent readily EN. is a characts tic dimension 
‘ | ticle I iM | ivhlvy turbulent flow When of the ve el n the direction of flow and V | the 
! it! if it eomebtri vould mean veloc ilated thie empty cre | 
tbe obta.med uy dump ind ref ng a column tion, commonly called the iperticial velocity, then 
with the lentical charype random packit the mean retention time for the ystem 
Lutistical variath must be expected at best. Unfor It obviously impossible to have milar retention 


times and also similarity in AN LV p/p unle the 
fluid properties are adju ted. and this would lead to 
hopels complications in a chemical reaction proc- 
‘ It is necessary to abandon the Reynolds crite- 
ion of milarity but to try to Kee} the ame type 
of flow e.. turbulent or streamlined, in both model 
and original and to make uch corrections as may 
be possible from supplementary information when 
the results are interpreted. Another complication 1: 
that retention times for fluids and for solids may be 
different in counterflow or batch processt It is 
nece irv to analyze each individual proce to de- 
cide which of the milarity criteria is the most 


critical one for the particular problem at hand 
An interesting application of Damkohler’s prin- 
ciples was made by Edgeworth-Johnstone,” who was 
interested in both homogeneous and heterogeneou 
reactions from a chemical engineering viewpoint. He 
concluded that if the first and third criteria stated 
above are neglected (chemical reaction rate con- 
trolling rather than diffusion), then the requirement 
for similarity are 1) Reaction time the same on 
large and small scale; 2) average temperature of 
reaction mixture the ame and 3) surface heat 
losses through the walls of the vessel constitute the 
f f the total heat input for both large 


amie raction ol! 


and mall proce ‘ 


Application to gasification of fuels 
Traustel’ made a detailed analysis of the applica 
tion of model theory to solid fuel gasification and 
blast furnace smeltin Careful study of his treat 
ment will show that the parameters that he devel 


oped are equivalent to the five milarity criteria of 
Damkohler cited above Traustel application of 
chemical kinets and equilibrium con iderations } 
quite different in form from Edgeworth-John tone’ 
but it leads to the same conclusion namely, that 
where everal chemical reaction are involved, 
chemical similarity can be met only if all the cor- 
responding temperature pressures, and compos! 


A model electric arc furnace, used im pilot plant studies 


tions are the same for the model as for the large 
system 

In considering fluid friction, heat transfer and 
mass transfer between solid and vas by convective 
processes In a bed of particle Traustel treated the 
bed as a pervious mass without re gard to similarity 
the cale of the individual parti le He 
of empirical correlations of tran fer co 


down to 
made ust 
efficients versus the Reynolds numbet that were de 

rived for beds of uniform spheres at fairly high 
turbulence, where the exponent on the Reynold 
number approac hes zero. He also took a correlation 
obtained from heat transfer experiment and ap 
plied it to mass transfet with the assumption that 


the Schmidt Number, : D., is equal to the Prandtl 


Number, v/a cy/k. His conclusions are therefore 
omewhat uncertain to the extent that these assump 
tions are only approximation No allowance wa 


made for segregation within the bed nor for radial 
temperature or composition vradient 

Traustel’s model laws for the gasification of fuel 
take into account the reaction of the fuel with the 
gas as a simple surface reaction involving no diffu 
ion gradients within the solid Soiled down to then 
essence. his conclusions were as follow If the same 
fuel is used at the same temperature and pressure 
in both model and full-scale, then chemical simi 
larity requires that the ratio | dV, should be the 


ame for both.* This mean that the ratio of reten 


tion time (L/V,) to particle size is constant Fon 
heat transfer similarity within the bed, L/d should 
be constant. The two together mean that the pat 
ticle size should be reduced in the same proportion 
the depth of the bed, and the upert ial velocity 
hould be the ame for both model and large cale 
vasifier. Similarity with respect to radial heat lo 
accomplished by making the 


to surroundings can be 
walls of the model the same thickne as the wall 
by the use of supplementary 
esult 


of the large unit ol 
heating or insulation to accomplish the same t 
The same conclusions were reat hed by Edgeworth 
Johnstone for heterogeneous reactors In which the 
catalyst size was held in proportion with the vessel 
ize. a situation analogous to a gasifie! No account 
has been taken of ¢ nd loss¢ nor of heat storage on 
tarting up or changing from one teady-state tem 
perature level to another If Reynolds number sim 
ilarity is to be adhered to, the only condition undet 
which similarity could be obtained with a model of 
1/m size would be to use a fuel m-times as reactive 


Application to shaft furnace smelting 


In extending his analysis to the sme Iting of iron 


ores in a shaft furnace, Traustel took into account 
the transfer of oxygen from within the lump to the 
as stream. In order to do this, howevet he assumed 
a proce that considerably different from the real 
one in fine detail, and consequently his con lusion 
may require some modification by experimental de 


termination. He recognized two extreme possibil 


tie 1) The absolute reducibilit of the ore 

extremely high so that the main re tance to the 
transfer of oxygen to the reducing gas | diffusion 
through a bounda! filry mad 2) the educibilit of 
the ore is extremely lov 6 that the mai ‘ tance 
to reduction lies in oxygen transfer withit the lump 
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there is any change bed ue though iste! does 
th te 
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¥e 
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that the et ‘ tion furnaces and to a reasonable extent eve! 
trie tre te ito furnace and tal On the otnet! 
i nana iut enou proce ‘ Ke nd cor 
‘ ‘ ertul vould equire iu lia heatir ila 
the © settle } re tion or else a charge of higher than normal calorif 
the Tue ‘ trie that vould modi! trie metallu of the 
‘ fie rye oft mien f modell ipme ed irc 
rye ‘ ‘ Tue i thie fur! have bee! ima ed mn t ‘ 
! ed to the cent ‘ that cor basica jifferent mode 
‘ bis ed his fi through the the contre fact 
he ttle cor concluded that direct tionalit Nid 
thie hie thir f the furnace ind he reported favorable con 
thie 1} ‘ between mode nd indust furnace 
‘ thie ‘ ile tact nit ntl ima meitir ore Saibel 
4 ‘ i ed the ope it of ibme ed 
j ine fur? cf the rad il heat t? i 
{ in the { f bye f it the wv vas considered to be sn compared wit 
‘ ‘ bis ‘ ‘ through thie electrode the top of this 
test The leveloped the ty conditions f¢ 
| te } or predictit powe equirement tw treme ol 
bed depth ‘ f nd | peration, found that complete milarit can not 
‘ " ‘ this ‘ thy ed ind esented Corrie ip} 
} } P thy testes ite method fo comt fis ace 
ed hie ‘ ‘ ! Ir imma t ma iid that reduced scale 
! te ‘ ‘ i ‘ role f milarit whict equire that certal 
‘ rit hirer ontle pa dese pt e of the til 
! Ci ind chemical proce must be U rv 
! ! 1 bie for both model and full e equipment. In the usual 
! ! t lie Cunt there ie oO ! i! diff ent. tural 
ht sugpest processes involved, each with its own set of sin 
! | | ‘ ‘ ! ( te i, that it mipe ble to accomplist 
! a ‘ thie plete la \ earetul ina must ther 
the adist { if be le to yvhich natura law ive the most 
need tt te ‘ ine ind CO) dist tical and hich ma be neglected r for whict 
tient othe tint med t tlain ‘ ection can be made from experience vith 
! tit the te te ea thie If allowanes made f the fact that 
toy na vel th + +) mode! ma have to be ope ited ! ‘ eral te 
‘ product the cde ed picture ind that the ‘ ilt 
V/I wted theoretica hould often be used as inferences rather than ] 
‘ conclusior ther uch cul notent 


tic metallut cal proe 
They f flame develor nt iit everbe ty 
itter of diffusional mixir References 
f the f na tre nd hence it w rhe ¢ 
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Design of 
Pyrometallurgical Pilot Plants 


Pilot plants cannot usually be designed to resemble large- 
scale operations in every respect. Excessive heat loss in com- 
parison with industrial installations is the major problem in 
scaling pyrometallurgical operations. 


by R. C. Buehl 


HE major function of a pilot plant mu irst be near the banks unle the 
decided » that nphasis is placed on those In the case of 
luence the desired result A be fluid while that i! alls 3 and not 
rmally more flexible and le near equilibrium wi 

rger one but the re Th ajo msideration 1 ermining the ive 
is the 


reduc 


of industrial oper 
Hot yili if rand « nand charge for elec 

: optimum Z ricity If a furnace : ood electrode control 

eatl influenced he fi ol , ' mpedance of 40 pet or mo ind lime additions are 
made to the at i mois they form, furnace 
operation hould disturbance of 

lights where the ti orme! pact is four time 


ot production he KVa drawn 
ntended to n material of a de The total cost for : ri if melting tests in which 
hape ol lan model intended are furnace ip] 
tion of a particular phenomenon o1 than for much naller mel vhen IperVvision 
involved in a proce chemical id} wtp arath are includ 


ed 
Design of specific plants: electric arc 


melting furnaces Blast furnaces 


Small electric furnace both induction and are Experimental blast nile aaa been operated 
and Kurope 
hatt blast 


last furnace 


melt of metal to 
omposition. However 
le elemen Is considet 
nie oduced in 
in 


taken, and thi will isually when 


alt 
metal than iat obtained from 
and electro onsumption 1} 
but data 
the 
experience with 
ith a 3-ft diam electri 
h 200 kva and melting up 
basic slag would not 
iat 

the 


nt-fitting 


ont of the 
»a considerable 
of reducin 


rabie 


RC. BUEHL is with Rem Cru Titanium, Midland, Pa 
This paper presented at the AIME Annual Meeting, New Orleans, 


February 1957 The experimental blast furnace built by the U S Bureau of 


Mines at its Pittsburgh station 
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j rt n of non-oxidizir re 4 

extent. However, for accurate cot = 

tion for basic furnaces. For oxidized 
cle ble i itis Da ‘ 
fluid slags, the magnesia cor 


‘ 
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' il I The low shaft blast furnace at Liege, 


Belgium, showing 
dust collector in the foreground 


inclined to 
the furni 
n industrial 
that would g) 


choo velocits 


retention 
ind then 


t which 


Bureau of 
ubout <iIimum ize 


2-in. particle 
Such particle 


with the 


way in front of the 
exprimental furnace comparable 
Consequently, an investigation of 
raceway in front 
probably conducted better with 


op model 


t depend on the 


retention 
ial furnace would require 
a comparable 
mall diamete would 
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he ‘ perience ned witl i mall 
‘ edece rnitted the de n of tt efficient 
te the « difficulties involved, we can con be 
‘ t furnace caled to 1/10 the 
the cit f the Bureau of Mine furnace 
| rrie fu If trie etont or tirne 
f the vere maintained the imme as for a la ~ 
‘ eve irface ine ol thie 
euter th f indust furnace If the lining 
thie i! j f heat ‘ low vould be 
‘Torts te lecrease the heat lo from the = 
temperature of the bosh and hearth result in 
tinis er nm unt the heat I ha wain om 
been rere ed to high f in¢ Ref ete ( ine - — 
other md the heat iftes table condition 
‘ reached ‘ net i reat with the 
‘ thick f refracto ised to line the Tu would be 
example When the bosh of the me ection olid 
mst tu ace lined with fire brict thi fime comrt ible 1 furnace 
eroded to a stable thiekne of about in. wherea am a pressure drop 
cart ek blinu thie tuble thickmne Nil helow the tical value tock column 
thie me heat to furnace fuel of 
Becnu if } } h heat lo from the boost ma ind commercial ize ore A 
me deter rie the « perl io not. howe 
ont Vill fuel ite uble to tuvere ised in the 
ricltast il furnace Fortunatel the ? h heat reve furnace 
fro 1} cme fe m expermmental furnace cat those fact tha 
| thy isc oof blast temperature he of the tuvers 
pra te can be obtained lo obtain both ga ve] 
\ econd important cas feration 4 thie ize ofl time equal to a comme! 
this ty If thie lene ‘ ed ‘ the let ‘ 
notant ‘ cit dust lo 
‘ ‘ the tort nit 
, (expressed in Ib per sq ft) through t of 
‘ hit | ead i thi 
: er ection), the charge will be we 
nad net descend mooth 
| ‘ ite ‘ ild be nec i with small parti By followin thi procedure it wa obsc ii ni” 
’ ale if the use f small | ticle ind low blowin f the lot 4 nt furnace both blowing rate re- 
te clon not ve rit correspondin adecrenast ilted mil ope tio Hence it appeal! that 
ht of ne their use ince ible the inal to have both is velocitie ind solid 
m that the te of heat wiuction decreased in etention ¢ e equ to an industrial furnace ts not 
+ ‘ ! ! the if rile the ist en ‘ mitationr 
er ( noequent thermal consicde it rm Wi pilot plant blast furnace reacne table 
o 4 fy te loroe raw material condition more ipidly than a commercial furnace 
cated proportior to the furnace three ad ol ope nm were enerally ary to 
‘ obta ‘ ible dat on the effect of a change of but 
\ i thre i irticle ine mall in pot tir condit ! 
‘ thie cale fact that ised for the furnace f race thye e of the crew 1 not reatly ad filer 
, tor the ivticle Pherefore f the major pur- ent Lal cost ire not influenced appreciat DS 
the work al nvest ation f thy e of the 1 ot plant blast furnace Raw mia 
ind a Germinatior f fuse ate +} expe t ire offset t the value of the metal pro- 


expense for 
about $1500 per 


tram ie 


about $180,000 


reduction 1 Important 
ve ood result when 
arth slag that would not 


af reduce 
haft, but worked poorly on iron 


Open-hearth furnaces 
An ¢ 


beer uccessfully operated ; the 


xperimental open hearth 
Jones and 
earch laborator. omany 
a nonreversing type of furnace with two all 
fuel ports at one end designed for rapid combustion 
' from the flame The fur 
i Bureau of Mine Is of 
that it is made to tilt 


recuperatotl tube The 


to five a high heat 
imilar design ex- 
furnaces use silicon 
three pa 
at the ! f Mines heat the combustion 
1600 F, but the heat lo in the ducting 1 
1400 F at the burners. Thi 

ry well for after 
repair, but as the refractories became 


recupel 


the au only 


everal week 


necessary 1 xyven-enrich the air for 

nelting 

of the type described with burner port 
at one end are not suitable for the study of open 
hearth combustion problems, as the flames are very 
different from those encounted in industrial furnace 
Hot models which do not melt metal appear more 
ultable for the 


problem several ich furnace 


tudy of ga flow and combustion 
have been built 
in England, on the Continent, and by U. S. Steel in 
this country 

Pilot i irth i 
ymbustion volume For fur- 
the area through which heat 


quare of the 


furnace have a high 


us the dimension 
volume a the cubs 


hould be de 


a minim at loss consistent with sat 


the combustion 
equently small pilot plant unit 
ned tor 


» and for flame giving a high 


The low shaft furnace pilot 
plant built by Demag Hum 
boldt Niederschachtofen GmbH, 
for the utilization of coal-iron 
ore briquettes. A 100 tpd plant 
based on this design is now 
being built in Germany, it will 
be described in the November 
1957 JOURNAL OF METALS 


tlating brick a 
is desirable be 
However, for in- 
refractory undet 
ume impingement 
Sudden failure 
brick 
ftening unt of the 


yveen the bast 


pre 
location and 
thickmne 
Another mean 
volume tor 
proach 
open inth furnaces this means a preater decrease 


The rate of heat 


Increased 


h than in other dimension 


in lens 


r square foot ca tn 

Is, rapid mixing air and tuel 

ven enrichment. An air prehe 

of that 


would be rable for a pilot furnace, but a 


industrial open-hearth furn 


venient means of achieving thi is not known 
combustion aim de 

but the cost . add considerable 
the total operating ¢ 


n enrichment thie 


chased quantitie 

metal and lip 
cOmMpoOsItio occur much more rapidly with small 
bath ha 
to melt low 


and hence chanpe 
bath lanoin large operation thre 
Vo tons or more 

rbon appreciable lo rho up is used 
peed reaction determi thre 

of bath 


olume to heat lo determine the furnace vA. 


wherea thie relation of combustion 


Converters 


The author ‘ 


verte ha 


with pilot) plant con 


been limited to side-blown basic con 
verters of 500 Ib and 1-ton capacity, The major prob 
lem with such all I iiy heat lo from 
the converter and ii i i i port metal 
which often results 1 especiall if 
encountered. The hi be 


enrichment of the blast the 


dela ure 


re erosion and dense urn 
method to 
than oil il content of 


ed. Another 
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duced Operating an experimental ite of heat release The use ¢ ae 
Diast furnace run fay It is hardly a backll for the normal refi 
worth embarking on a than four cuuse of the ow thermal capa 
months’ duration costing iim! The con ilated furnace portions of | . 
truction cost of a pilot plant blast furnace of 3-ft considerable load ¢ exposed sis 
hearth diam producing from 12 to 17 tpd is about lia plashur will erode ri ae 
1 
$500,000 Thi is. the mallest ize furnace for oceul when the interface bet _ 
which the operatior are comparable to an indus- and ut ilation reache the ee 
trial Tur A ke 
in 
n-t b! 
open-lhe ably 
im the 
of 
release 
high-t hivh 
air pre tin 
eact 
CS 
lo a 
wl Olset by 
expense of rapid tuye 
if if too much o 
isfactory refractory {i blow metal with a 
. 
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13 


lative number! 
Special Design: Often 
ection of! 


equipment would be 


onable balance 


Relation to industrial plants 


Importance of heat loss 


Scaled Model 


re, thick 
roach the 


An example 


pl ed to pilot plant data 


Proce 


lated the 


often 


produce 


el heat 


Section of an Industrial 
bee 


enriche 
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nese ther element that will pro ised in the industrial plant with production, ga 
! uv thie Kidation of carbon and iron flow ind cro ectional area proj tional t the 
‘ ent ni procedure may, how re 
Ke ‘ bier f the dat lifficult. The neithe the caled model 
cut be backed with re istrial 1 int met iof de 
neat inject te Dail 1 ero ign would a piiot plar t capabie ol it facto 
( te of about I-ton capacity appeal operator In this case, the proce can be al Zea 
a thie f tisfact ze when a b A on the basis of known relationsni] ict heat 
’ ( the tier ma ised in t balance, reaction rate as velocity, heat transf« 
With « ! nt of the a t bout 30 pet and material flow, and each portion of the ¢ ily 
rmiet aL than-norr ment can be designed to perform its n functor 
; nese, ¢ hospt i i 500 most efficiently For example, the thickne of in- 
4 f f nm be used lation and the amount of heat input required 
ert ‘ iitable f tudyir the would be established b the heat balance (ra 
erie I ‘ ! nadition mn meta nd elocities might determine the cre ectional are 
Thi i! be ed for ¢ luatir and the size and number of gas ports or tuyere Phe 
© refractories and the effect of changes in length or height of the SuEimiieke influ- 
¥ ‘ ‘ ete fe enced by reaction rate heat transte and mate al 
flow While a pilot plant des! ned on th basi 
ferent from the industrial plant studied, the majo 
Phe preeedin discu m of pecific 1 ‘ Of pilot 
pny ical, and thermodynamic relatior ( i Kept 
th dat ‘ ety of 1 t 
in reqs that efficient operation wil 
rit ‘ pit econt ea 
result 
ead mt is eve lifferent Pyrometallurgical pilot plant isuall iffer fron 
tnd tn heat lo pecause of the ‘ face area 
‘ bye fefinite proportion. te VOPKINE Consequent cale fact ild 
‘ nt not be applied to the thickne of the retract nd 
iN ‘ material of high insulatu ilue should be ed 
‘ 4h If too much insulation is applied, howev rapid 
‘ | particle ‘ 
‘ 
: te ' elation to the furnace efracto erosion is likely to oecu n pu f the 
thi e fact ene need not be equipment so that it is often not practical to build 
‘ pilot plants with the low heat | ce ed. Furthe 
‘ ‘ ‘ 
‘ ductior cubic foot ates apt equilibriur nerey 
‘ little value for short-time operation 
te ot mate i] trayve or Known rela 
‘ ol — drot na The heat losse from rometaliiu meal equipment 
tras gum he ot for cul isually be imated r accura 
‘ rdust plant i conducted over a narrow inve of tempe 
fou 
© the ‘ forts Ch ind for which the nece al meat can be isted 
avemant of neratios vithout altering the important proce ble 
thy i «sf ‘ vell for the adequ © COTTE n for heat lo can usual 
lesign of neratine mod ntended to stud for comparison ndustrial 
! ferred the wedure to the in est 
For in which the heat production ‘ 
‘ ' f entire OCESSt by means of ope 
normal reaction wou vhich heat 
extracted over a wide range of temper ture t 
Plant: In this approach 
desirable in pilot plant researcn te te 
eration raw material temperature te 
extra heat in order to compensate for hig! 
losst For example i can be oxyger 
if 
' if th d or higher air preheat cul be emmy ed 
nductrial oneratior vhi n ntainirz 
nd etention time could all han for ndu perati i 
imilar gas flow or fuel consumptior 
‘ thre thie i ‘ eau ment kor ex 
; rhe minimum size of pilot plant that can be oper 
pole rite ! tra can be readily con 
ated effimentl usually determined | heat losse 
teal tt boi ih desig it would be 
n relation to rate of heat production ¢ ! nsl 
font? Tor ne that the lid not have il } on ‘ 
eat effect re the esult The appheation of thi R 
eferences 
re me couse lead to fantastic 
the nd e heat | ‘ t plant 
| t fu ce de ned th method 1 ht be 
Try thee me tl nm indu plant contained 
» 959 
re ere et thre {1 might be ade 3. be ‘ 
H t Coke 1 ecte ‘ 
ead rie eve init of thie inne ize a Jat One He +) 


St 


The Paris 


onference 


The first International Sinter Symposium was 
held in London in November 1953. Since then, 
important developments in iron ore sintering have 
been achieved. Therefore, IRSID organized the 
Second International Sinter Symposium in Paris, 
May, 1957. 


by J. Astier 


the 
that 


rite 


the 


Vien 
IRSID clarified 


Mechanism of the sintering process own that thi in ! ly co 


ymposium 


J. ASTIER is with IRSID, Institut de Recherches de la Siderurgu 
Germain-en Laye & O), France 
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Bets 
4 
poets 
lad 
ummar 
. 
23h 
be, 
HE Second International Sintes wa the diseu on, debate arose in regard to 
attended | ore 00 specialists from France the en il of ilfur durin lomeration ina 
United Kingdom, Bel in Luxembours ! ich ce ! eon to be rather 
vethe nds, Ita vorwa tuga sweden. Ur ow in the mall kiln of the Esperance-Longdoz 
South Af a, and the United State Dele in be it but it appea to be better 
tes from the S et Union. although unable to large rot kilns of ARBED in Luxembour I act 
ou the total number of | it? ( of Denmarl ndicated 
pape ibmitted to 34 mod result vere obtamed when treatu 
report neludu tovethe! cinae ! Kill veden 
Vill trie oy krene} with mie rie \ er f teat t IRSID have 
n English and 
end of t 
At the previou intering attention appeal iso mn thes research that the mechanism 
vas drawn through BISRA—British and Steel Of Combustion of carbon was influenced by varia 
| ! he al bed pel 
1 espac lo the notion of pecilic li 
! 
olume, that is the quantity of air necessary foe inter quality yy 
rite ! 1 ton of mux In Pa these cor IRSID res cl on the mune strus 
cepts were the ibject of two pape from BISRA ture of Le re on ore rite vas presented b fe 
ry the esearch of Voice ind Purpin, ind Robert Phe problem 
Ww j 
vv na ne concl ot il ndaust! i test of Dee! Vell pproached and ti ome particular 
} 
Rid or 1 Bate furthe Mivanece in the tudy Cust Complete ed thie ine 
of heat transfe inter made and mad elective cher Cu 
or ecent \ ot nd Wild believe that surmmerou oof the Cal properts of 
the peciii olume of at determined mostly by inter particu ‘ ma md mechanical 
he i} ‘ phenomena nd not b the carbon ‘ tance vere iIndertuker ! laboratory ma 
come equirement | init ipo | Vlichard mad Miitvaski of 
[wo pape eferred to desulfurization, one of IRSID, a tentative interpretation of shatter tests or a 
Baldwin and Burge of BISRA and the other of drum test added to the understandy of the na r 
\uxenfans and Turpin of IRSID. They show ex ture of sinter and helped to define quality indice ie 
ere 0d desulfurization obtained | the rn Boned-Sopena of the Instituto del Hierro in Spain Re 
eri | ce vhethe he iifur be in the form of howed how te py these indices to the prepara Bred 
ilfide of ilfete The ene ch ilso de tion of self-fluxu rte Klein of the outh Afri 
ed ‘ cle litt pre can Iron & on Cort pointed out a tvnical tuatior 
ue nd the fi tate of the esidual here dditior if me } fa ood effect 
‘ 
rie lifferent nad i] rte noe} ile 
x 


Sinter plant operation and design 


‘ ect of 14 ip to which must 
m the it 
‘ One re ed f 
‘ ‘ ‘ 
‘ ‘ 1940. 12 in 1950 nd 40 in 1956 
Preparation of the sinter mix: We ndt of Klock 
‘ ‘ ! ol thie 
‘ let ol 
f ol the 
‘ that in 
‘ erute 
eve ‘ ‘ nd. It 
‘ erent 
‘ ‘ ! tihe m 
Research on tunition: thy byect of quite 
‘ It f the en 
nitiors 
4 ‘ f cheated 
to decrease 
‘ eventuall eplaced 
i rt pen i fe the 
th ) in firm im the 
j ‘ } ent | mat itu ni 
er the nad fe 
‘ | ine Vleyer of the 
(; erned nerease of 
‘ ent | ‘ But the 
‘ ‘ } been noticed 
‘ ‘ ‘ ! 
ene ter the ‘ ‘ f the 
‘ ‘ bie 1 espe ill 
‘ eoned ‘ ‘ the i} 
thie ‘ ed Jenni 
thie n the Ir 
od f ‘ ! 
‘ i se pu on the 
Kecent plant improvements: ud! of the USSR 
‘ ‘ tthe risk Inter plant 
( elated the ements 1 te 
hier te int The re lt 
o ptior coke breeze 
‘ eal tev ( mipa ‘ 
| te t Applet 
j | thie orf ince of 
t ‘ ble 
Substitution of solid tuels Witl ke breevze ! 
thy 1 five ad of 
| It) fi +} 
‘ bet eel 
‘ ‘ 
‘ na 
‘ ‘ t el ere the fue 
‘ ‘ te té 
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Blast furnace practice with high sinter 
burden 


Patchett of Dorman Lor of the | K McLean 
f the teel Co. of Wale ind Klein of the South 
frican lIror ter Corp pre ented ipe elat- 
to the use of sinter with high on content In- 
i test il man Lor a Ca at 
coke ite with increas ter percentage 
the burder The me Vere eacned 
Rice of Koy pot Co. and Ad ik of the USSR 
But tl eon to contradict the ndit f j ‘ 
! found that the coke ite decre ed at a decrea 
te vith } her ercentaye ol rite mn the 
chat ‘ 
I m the decre e in coke ite t can be cor 
cluded that the pi duction can be nere ed 
Vith n rite noweve not 
ossible to attain the theoretical production due 
to ou ifficient blowin capacity 
the nece ity of usin high blowin pre ire 
All speakers agreed that improvements in pi 
ron quality followed when ust! high rite t 
den 
During the discussion, J. Miller of New York 
quoted some figures about the advantages of usin 


nter in electric furnace of the Tysland Hole type 
Results from the Mo-I-Rana plant in Norway are 
n 200d agreement with previous figure 


narvet in Sweden 


Charging low-grade ore sinter: In the last s« ol 
there Wi a discu ion on. the ol ade 
from low grade iron ores from Lorraine or North 
ints and Frodingham in England Conclusior of 
the paper by tondet of the Chie firm, Roedere 
ol Lorraine cauut and it) of intar all 
French steel firm ire as follow f t. the coke 
ute decreuse by 400 Ib pel hort ton of tron when 
vitehur from raw ore to prepared | der 
ecreened ore and pet inter trom fine ore 
iving can be 500 or 600 Ib per short ton of tron 
vyhen usi up to 50 or 65 pet in the burder econd 

ron production can be increased by 50 pet; third 
flue dust production ts considerably reduced; and 
third, the quality of the tron 1 eatly improved 

There was a great deal of discussion about the 
paper by Paquet of ARBED, Luxembout relatin 
to a comparison between the use of sinter nd ro 
ta kiln nodule Conclusions from Paquet did not 
muct difference betwee coke ite of the 
Dlast furnace isi! rite or nodule Poy i i! 
! ‘ were howeve different and several speake 
drew attention to that point which seems to indicate 
ome advantage fo rite 

Phe ist paper was an outstandi contributior 
I \ mbout the Apt et | it int 
nthe U. K. It gave many cone ns from the ‘ 
iti ictice of tl ad-} int where 100 
pet rte burden has beer ead Te eve eu 

At the close f the conterence one f the Brit ! 
lelegate declared that While 
bane ! cle there oon ind need cn more 
Perhay the itst {ir equirement e 1 ! 

‘ ‘ tput pre e tect! jue 
eau bed perme there 1 tye 

! e plant ( en | cat t ed e the 

‘ ement ti Hreeze na 
thers } i ber 9 alf 


Since the organization of ECSC five years ago, it has been 
concerned with the relatively weak effort directed toward 
technical research by the steel industries of the Community, 
compared with the importance which is attached to metallur- 
gical research in the U. S., the USSR, and the U. K. Article 55 
of the Treaty instructed the High Authority to encourage 
technical research by coordinating the work of existing organ- 
izations and by granting financial aid. 


N April 1953, a Commission on Technical Research 

European | wus created by the High Authority of the Euro 
pean Coal and Steel Communits Its members are 

‘ the representatives of the research institutes of Bel 

un Luxembourg, France ind Italy, the Seere 

Metallurgical tul General of the Verein Deutscher EFisenhutten 
leute in Germany, and the Director of the Blast 
Furnace Research Laborator of the Roval Dutch 
esearc — Iron & Steel Worl An observer | ent from 
BISRA British Iron and St fesearch Associa 

tion 

The High Authorit under the terms of the 

Treat is instructed to promote metallurgical re 

earch by two mean first, to organize all appro 

n exist research organiza 


earch scheme in common 


by granting direct financial aid 
Coal and Steel The ical earch project thu fiat 


ranted aid have all been financed in part by tel 


firms or associations, and the financial participation 


Community of the High Authority has varied between 15 and 55 
pet. These research subsidies are proposed either by 
the High Authorit itself, takin into a#ecount it 
veneral objective for metallurgical expansion, o1 


by person firms or a ociation 


The first research program 
¢ first program for promoting metallurgical re 
ypted in 1954. It included five project 
by f Weston Starratt utive rials of various types of coke in 


furnace 
the trial operation of a blast furnace under 


the arch of open 


ration of a station for 
Netherland 

oll to a lates 

have been 

and the 

The 

| these pro 


tretchin 


ranted the 
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an 
aed 
ae 
rey 
2) 
pressure 
4) a series of rolling mill trial pi 
hearth furnace and 
- 
participation in the ope 
udvin open hea ! 
contribution of the High 
T ects ha mounted to about $1.6 million, 
t tt out to the end of 1956 
vrade of Rut COKIN coal ha been critical In 
“a France, various technique e being de ed to pro Bist 
adequate coke fre mou of Lorraine 
qualitie Thus, the High Authority ha 


: 
} ‘ ‘ ‘ 
e Fe ‘ et ‘ ‘ le ) 
Techt Rese 
f ed e It ‘ 
} tuyere f the 1 f the furnace into the crucible 
Lack of adequate coke supplies—today’s 
‘ PP y Direct reduction processes to be tested 
number one problem 
he Comn on eatly nterested nm 
} Rens t be t at the te of t 
ha plant Essen. Ge r} nt. to be 
hte ( t} ler 1} 60 mete aut 
! ( rie the rie O0 O00 tor ea 
tt; (jer ind po } the ‘ 
n the i The High Authority of ECSC expect 
‘ est They ot fu n. that the direct redue 
ed the ntere f the C 
equ rect Research of ECSC. In France, near Nante 
ced. TI thi exn ental H-Iron plant is | 
if! +) ‘ ‘ 4 4 It } j 
il le pluie | Ad j i? H \ 
Refractories, casting, and other fields 
WI e the ce il of esearet t present be 
by the H hut ed at the 
Lutl ty } ‘ f hearth fu 
‘ ‘ ‘ ent i, | hie he he 
thi rate m whereby the H but 
650.000 ' tages t the I pean Coal and Steel ( munit er 
‘ ‘ le t t ‘ f the ntries makir the Con 
‘ ‘ ‘ oo fi, est } dey ted t ert 
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Blast Furnace U.S.A. 
Ill. From Falling Creek to Zug Island 


Bituminous coal furnaces give way to coke, and by 1880, the American iron and 
steel industry was growing at a tremendous rate. In the twentieth century, the number 
of operating blast furnaces was cut in half while pig iron capacity more than doubled 


by M. O. Holowaty and C. M. Squarcy 


Bituminous coal furnaces 
around 
ty to 
schuylkill 


According 


ia, West 


Other 


M O HOLOWATY and M SQUARCY are Chief of Raw 
Materials Research and Manager of Iron Production, respectively, 
at the Indiana Harbor Works of Inland Steel Co, at East Chicago, 
Ind 
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Aen ew of the Aliquippa Work f Jones & Laughlin Stee ae 
wing five tf ‘ 
jon 
ecially in Western Pennsylvania, which 
began to expand its ironmaking capaci 
ipp with the Lael Valle and the 
be juite ea e of bituminous coal in the ME to the existir reference complete sett 
bla furnace i estricted to areas lacking an bituminous coal burdens began to be used in thi 4 
thracite deposits but rich in deposits of bituminou area only around 1840 when the ironmake j t “PEE 
‘ il The la est concentration of ll coal adopted the hot blast ipparatu introduced { Vf aa 
furnace vas in Western Pennsylvar Vi England aa 
ncluded Kentucl and southern portions of the ever, after 1844 when an extensive experimental ae 
| 
tute of Indiana and Illino program, carried out at the henanvo leu ma et. 
Phe first tria vere made in Pennsylvania around Water Hot Blast Charcoal. Coke and Raw-Coa fs 
1780. G luall ove more furnaces began cha Furnace produced favorable esult vith coal cor ae 
COM he inde is @ partial substitution taining up to 35 pet volatile matte Che furnace oe 
i led cheate VOTE nutri W i low ited neu thie hey ‘ ov Lach 
iwannok Run, five miles northwest of Mercer, Pens aja 
lyse 
yivValhila 
It was built, owned, and operated by David  . 
Hogeland of Merce; The first furnace yw built is Bes 
‘ 
1636 or 1837 a ichnarce furnoce } 
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hot blast equipme nt wa in iied in 


of 18641 and wate! wneel Wa replaced b a 
blowing engine, recommended by Thoma 
ind also ordered everal hundred tons of 
n Pennsylvania anthracite and secured pile 

ous Coal which he intended to invest ile 
n 1843. coke made in beehive ovens Wa ilso 


ippaurently 


d in Hogeland progran 

{ Nii available from neart Me reel 
eland furnace was kept in operation unt | 
immer of 1884 when it was torn Gown and re 
te 7-'\% ft bosh, 46 ft high ur it During va! 
taves of Hogeland’s experimentation the Bi 
blast furnace remained the of attra 
f il blast furnace men who came from fal 
to get expert advice and to see a real 100 pet 
irnace in operation. This explains the activ! 

rie field of coal blast Turnact construction 
d 1844 
eland. the Pennsylvania Dutchman who made 
tuminous coal furnace a realit received the 

f vhich he was searchin Between 1645 

4. he operated |! furnace ist as he alwa 

t he « lad vith erthe cl ( il, COKE raw 

antl cite or any mixture of then The or 

e duction {i of th period now 
the tu ce prod iced (O00 tor n 1854 

lerable information could be ithered on the 
‘ nd niure of furnace t lt and operated 
Hoveland’s B Bend Furnace All these fu 

ere considerably large than the or nal 
land coal furnace and consequently the pro 


HiMieultie Cr e apparent and jelayed the trip east until the immer of 1840 
Hope 1 be ! Ou Phe or What he saw at Allentown's Thomas furnace how- 
: henal , Bis Bend eve made him enthusiastic about the hot blast 
na ft h md h coal Having ordered the nece ary ip- 
Hlast furn wheel plies and equipment, Hogeland went home and be- 
Hoyveland n making the re ed changes on blast fur- 
ed trade v ironmak c. The 
e Lehigh V ol he rn 
ned } ‘ te teal 
Pill Will | Ho ‘ 
rt | haste 
il nd ‘ I Vi 
ian f Late 
rte Da i cuuse 
pparently int ded to | H 
ite the iron e | tf the 
ka pped with d Hult 
Wa (lou ‘ Ber 
rrestonme rot tuk it tial 
Bend | ‘ arou 
NI t H 
mentation ( 
were 1 ma 
the Tu ‘ the 
i | at ‘ | it 
Wester! 
% in kon ( 
; nd even H eland seems to have hesitated, 1 aL Hope 
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juctive capaciti were much highet The average number kept decreasing regulal however, and in 
annual production ranged from 4000 to 5000 tons a 1890 there were only three furnaces in Indiana and 
compared to the record production of 1700 ton four in Illine 


made on the Big Bend furnace 


The erection of furnaces in Indiana and Illino: The age of coke 
was caused by the movement of the American pop When the Penn Ivania legislators in 18346 passed 
ilation to the West which reac hed its peak between the act for encouragement of the manufacture of 
1870 and 1880. The pioneers in the newly settled iron with mineral coal, they included in the bill use 
territorie required iron and teel for the tools and ol coal or coke fuel. only after length ‘ xplana 
imple machine which they had. Thus the con tion by Mr. F. H. Oliphant of Fayette County, Pa 
| | ri min 


a natural solution to their iron problem ince t h was found occasionally in the coal 
coal fields of these two state beside Missour! beds of Pennsylvania and which he used quite fre 
f ed the Western boundary of the American coal quently ince he and his brother purchased the 
leposit Here about 10 furnaces were In opera Hayden furnace in 1797 or 1798. Mr. Oliphant, who 
tion in 1855. Two in Iron County, three in Franc was in charge of the blast furnaces at the Oliphant 
one each in Crawford and Franklin Counti Brothers Iron Co., developed a strong interest in 
rhe most famous plant was the Iron Mountain the peculiar coal that was delivered from time to 
Works of Jame Harrison. J. J. Seott and T. Jame time at the work Some pLlece of this coal were 
who were also known as The Three Jimmy Then larger and harder than ordinal coal and were 
first blast furnace was built in 1846, the second in vel porou The coak coal did not ignite easily 
1850 and the third in 1854 The Iron Mountain Oliphant found that the best way to ignite it wa 
plant was probabl the most prosperous of the mid by burning it with coal, and then it did not burn 
vest with the long vellow flame of coal but rather glowed 
The relatively short periods of existence of these intensely for a long time Oliphant began to charge 
furnaces does not appear unusual if one realizes the coke into his charcoal furnace sometime around the 
most serious drawback of their location the short turn of the centul As far as could be deduced 
ve of iron ore Contrary to the tron industry ofl onl mall amounts of coke were mixed with the 
Ohio and Pennsylvania, Indiana and Illinois had no charcoal burden. This is because onl mall amount 
leposits of iron ore Consequently, it had to be of coke were available and even those were regarded 
brought in | rail and horse wagon The econom as nuisance rather than an asset to the blast furnace 
of these furnac vas such that they could not com operation 
pete with Eastern iron which moved westward in Oliphant and probably many othes blast furnace 
ine easing quantities as the steadily expanding net nen of that time were hap about being able to 
work of railroads also moved west The number of dispose of it in the blast furnace w ithout decidedly 
the blast furnace n Indiana and Illinois was neve! unfavorable result In 1835, Oliphant smelted a 
large The peak was reached in 1874 when Indiana mall amount of iron exclusivel with coke The 
11 furnaces in operation, The coke iron and the raw materials used in its produc 
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Tonnage spirals upward 
progress in the American iron 
1880. The Struthers furnace 
t which became famou 
4 ft 
bosh, 9 


W coal 


Significant 


in 


ron it produced 


ly on COKE diameter of 16 ft 


hearth The fuel wa ra 


e 100 pet coke 
tone i the , anthraci This furnace made 1627 tons o 
Jan 


Pennsyls : December, 1871, and 1668 ton iron in 


produce tion 


Wa 406 ton 


‘ounty 
followed closely by 1872. The be 


lant who al 0 reported arch if 1872 the product! 


wer Th is a report about the Isabella 
! which was also famou 


furnace 
lle on the west ar Pittehurgh 
The dimensions were 


Phe Carthaus fu liameter 20 ft, and the capac 
tons of iron which furnace was in operation from Januar: 
tly May 1880 and made a total of 119,486 tons o1 
f the old foundry men an equivalent of 2,300 tons per month, with a con 
of 3153 Ib of coke, blast temperature ol 

0.9 lb pressure. The Lucy 


ver and at Frozen 
15 007 


1876 
ir content and pal 


ible i furnace Wa ubsequentls umption 
hareoal 540 to 590 F and 0.6 to 

Carnegie Phipps & Co. were also 

had to be 0 anding their production. The dimension 

tal height “ 20 ft at the 

tala proved I h hearth, and total volume 

who was the manage! f 


at Ferrandsville was unfavorabl 


ron ore, which 
f20 to 100 mil The coke 
thi in 

t tended 
run cold”. Thi pial 


poo! 


poor qualit 
that the cont 


and make it 
oxct lhe nit 


iilabl 
produced 
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hortly there: 
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1 ! Nore erit 1 the Franklin Institute n Philade! CORE It appeal that the coal in question Wa plint 
phia where he we exhibited for a number of! coal mined in the Ferrandsville area. The operation 
Ou of this blast furnace were terminated in 1840 or 
Phe © hant Furnace was, however, not the first 1641 The Ferrandsville plant practice, howevet 
* one to atte pt 4 duction of coke iron on a con ndicated clearly that the coke was being made tron 
mercial seale. The Luey-Salina furnace of the Lon; coal I} appears to be one of the fi t commercial 
of Lor fale Count Pennsy! ope atior in the United State 
ted to have been burdened with core No bette! Na the fate of tne Fre Zeon Run k 
; n 1828. The furnace was originally built in 1827 for which. though located near the ore body uffered 
4 exclusive use ‘ eharcoal. Gradually, however! mall under extremely poorly COKIN, coal 
mounts of coke of uncertain origin were being added 
for trial purposes onl Phe ¢ inal cold blast fur 
‘ ‘ seat 
« Was converted » a hot blast unit in 1642 o1 indus- 
. 1644 and pradua amounts up to 50 pet of coke fuel € Ohio 
vere bei The furnace, which was rebuilt for the 
! n 14743 to ft diam and 44 ft he in 
‘ stead that time exciusive 1-% 
The first major attempt to u emi- 
mn in 
ton Furnace in Huntington ¢ 1a) 
the spring of 1835. It w 
the experiment of Frank increased to 2064 
iit 
Durin li 1836. and 1837 bla furnace 
. built at Carthouse and Ferrand n the iron 
mel of the inque hanna | the 
Run near the Lycomin Hive 
nace produced several hund 
partly because of its high su 
because of the ipe titior 
ed unsol 
converted to 
Thi furna 
placed ‘ 
brourht over 
vhich was ¢ 
ilso to be of ¢ 
te plu ip the furnae line 
becutise the cou a“ esult 
charact th mad aid the 
COKE 
, 4 Wa hut dow! 
| in the construc 
++ 
| | r Thomson Worl 
was originally Oblast furnace at Escanaba 
' Michigan. It was dismantled there and brought t 
the Thomson Works in 1879 and reconstructed, The 
a! dimensiotr were as follow height 64 ft ll‘e u 
60-04 bosh diameter 12 ft-11% in. hearth 8% ft. The fu 
; - nace operated with six tuyeres Loe ited at 5's {ft above 
" 110-0 - : the bottom of the hearth and measured 3-15/16 In 
} ‘ diam. The average ore burden to the furnace cor 
| F t ned 54.5 pet on. In March of 1880 th furnace 
| blast volume wa et at 15,007 
cim which Wa almost double the average 
ised on nost American blast tu Ol rhe | 
| experience obtained with the 1 Dlast furnace 
= ut thie hed al Thom on Worl Were mi p ated 
in the ae mn of the econd blast furnace Whose 
dimensior were height 79 ft ll-‘s u bosh dian 
20 ft. hearth diam 10 ft ll-‘s i Vi ime 174,607 cu 
ft. The selection of the hearth diamet A ba 1 
| 
on the results obtained by the Crane Iron Cor il 
n the Lel h Vallev. who was regal! led as a toy 
1 producer of ol The production data show that 
i from May of 1880, when the furnace produced oiii 
‘ tor at a coke rate of 2535 Ib, the pi tuctiol ! eau 


Pig Iron Production Capacities by Furnaces and Districts 
UNITED STATES 


BLAST FURNACES EXISTAMCE in the U.S. A., 1955 
VERSUS AMMUAL MOM CAPACITY 


Total Annual 
No af (Capacity 
burnaces Net Tens 


2 Total 
YEAR 


nonth 
f 2692 


Blast Furnace Dimensions 


Havens toto 

(reat Lakes A Prediction 
ft 
ft 
ft 
ft 


1937 wi bo and hearth diameter of 
ft respectively imilar to Ohio Work 
1929. Choice of these dimen 


ions undoubtedly wa 
influe need 


by the ideal blast furnace profile recom 
mended by the F Furnace & Coke Association 
f the Chicago Di ict, whose findings were pub 
hed about that time 

Furnace continued to grow in size and thei 


auxiliary equipment in proportion, but since the 
breakaway from the 22 ft bosh 


no significant 
ictural changes were made. Great Lake 


at Zug Island wa completel rebuilt 


9.000 tor 


LO00 tpe 


Laying of the foundation for Kaiser Steel's fourth blast 
furnace at Fontana, Caiif. Scheduled for operation early 
in 1958, the furnace is expected to push Kaiser's output 
close to the goal of 3 million tons a year 
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a4 
os ‘ 
‘ 
“ae? i #5.485,250 
7 9 2 
( ‘ i cay 
ed to 4798 tons per 1 n October of the same capacit 
Veu With a coke rat lt Another blast fu ae 
nace was built in 1885-8 at the Thomson Worl 
The height and hearth diameter of previous blast 
furnace vas retained, but the diameter of the ee tet 
Dosh u nereased to 23 ft. The bell measured 12 as 
ft. The total working volume was 19,774 cu ft. The Ral 
furnace Wi put into operation in October 1886 and -e 
i is pu } Hearth D aie 
produced praduall ncreasing amounts ol on n D 
yvovernt of 1886. 6843 ton 1874 Ib of coke pet DD 
tor December 7614 ton at 2072 Ib of coke and 
Jan ial 1887 Bo32 ton at a coke rate ol 1905 Ib ‘ ae 
} 12 ft and 
If heure eemed } rm the 1600 
Jo. 2 of 
they certainly outstripped all expectation by thie he 
1900 At this time a very significant change In the ay 
basic blast furnace de n occurred when the he hit a 
of the bosh was lowered from 20 ft to 12 ft on the ik 
Edgar Thomson D furnace. Becau of the succe of Be 
thi idical chanve t has remained with us toda i. 
The furnace was capable of averagu about 463.4 ean 
tor Vill COKE ite of 2227 Ib per ton 
Accord to Cree e | Rose Levend eem to 
ascribe tt pullis down of the hearth of the bs 
mantic makil the lower bosh pr ible to Iron 
Jim Gayl 
rhe next improvement wa thie nereasil of oe 
hearth diameter. Certainly one of the facto nvol\ ee 
! t! change Wi u natural eluctance on the 
pau t ort ist Tu if nel to develo; a hol 
penetration area at the tuvere ore (;raduatl th if 
reluctance Wil overcome i rm the m of 
at least In part, because t he almost ul 4 % 
‘ in a nila increa al | 1 
enii of the bosh a! e. For examplk n ) if 4 
Inily output +} furnace rn 1929 679.6 
tor vith rn verave CoKe tice of 1839 Ib 
. 
Hearth diameters continued to increase, but when 
hnch diamete } ito retreat wa yvhen the ad 
eached 22 ft. Then, in ord to have a bosh at all 7 > Reales ¥ Se 
the bos} liamete had to be ncereused t <0 I 4 t 
n 1927. The ave « daily production was 680 tor 
with a coke rate of 1845 pound The total produc A 
tion for three eul was 
Although the era of the new HERRRREEEH furnace oe 
vas initiated by the Ohio Works No. 2 in 1929, it ae 
i 
vas not rt the t depre Ca that everal 
the! te an to be built It bahia ) i i 


“rom 1610 to 1696 


ed trom 


rpol 


Julian nate 
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i Stee 
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nd represents tne ant ¢ ve. Hearth diamete M. Avery. At th writing, there are 26 furnace n- 
() ft I bosh diamete Sit du The total wort talled with high pre ire toy Some controverss 
: sree t 65,000 cu, Tt exist ver the ideal top pre ire however, 7 psi 
’ ‘ © be I top pre ire seems to be the accepted f ine 
Corie oft the 1 ntere tir fact to core to nt 
W i \ Haven predicted d er — * 
fy ff ‘ ‘ ‘ na study of history of blast furnace not so much 
iil ! it ‘ re hie j 
tructed fhe furnace had 24 tuys rie miple rowth of the ructure itsell a rie 
crease n tonnage ‘ all out of proportl to 
‘ » capable of 125,000 cf it proportuon 
actual increase in size unit-Wwise 
+} ntior f the duction increas 600,477 net tor to 13,186,806 
vost i development. Her | ‘ nlant. Today there are 60 pet blast furnaces thar 
bu 
1942 thie mit nerate on the fifty eal avo. but technical progr in blast 
‘ thie ox thy furnace const iction and operation ha increased 
} tered th move. He wae blown in on Decembe the total blast furnace capacity of the country from 
duced 2012.266 tor on he on to about 84 million net tor 
) ear cual n. Today three 2o ft furnaces are In the past, tonnage capacity Wa increased 
hour fu peratin . & te with a fourth by adding units and by increasi! thie ze of unit 
iricle constructior A demand for tron increased, construction cost 
mothe esult of We 1 War II was the oaured o that now evel effort 1 bei 
ntroduet of high essure at the furnace toy brought to bear on the greatest possible utilization 
lhe first furnace where this technique was used wa of the present equipment along with every techno 
the DPD. N ) furnace at Republic Steel Cogmm lovical improvement in handling or processing raw 
‘tion in Cleveland, Ohio. The inventor was ==mprial 
¢ of ron on: Potter: J teel Institute, 1887, pp 437 
if ‘ ef le ly 
Kat \ ‘ ‘ ‘ Jove 
t 1929 W heste i t Fu e Fue Ant te 
) 
' the ‘ hte ‘ f the Ea Ant t I I 
‘ ‘ Decembe 
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3. The Mode t Fu e. | vel ‘ 
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t te t ‘ t } ‘ i Ke \ t 
j ‘ “4 i LIST, t 
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Electrolytic Preparation of Thorium Metal 


Thorium chloride dissolved in molten sodium chloride can be electrolyzed in a con- 
tinuous process for the production of granular, high purity thorium metal powder. The 
preparation of anhydrous chloride, its electrolysis in an expanded scale cell, and the 
purity and some mechanical properties of the product thorium are described. 


by B. C. Raynes, J. C. Bleiweiss, M. E. Sibert, and M. A. Steinberg 


1952, under the auspices of rhe work reported here relates to an all-chloride 
the U. S. Atomic Energy Commission, Horizon ystem employing thorium chloride as the cell feed 
Inc. undertook an investigation dealing with the ThCl, was produced as an anhydrous material sta 
preparation of high purity thorium metal in orde! bilized in molten sodium chloride. This product, 
t ly competitive production further diluted in NaCl, wa ubjected to electroly 
proc I ls met used on a recovery of the is. The clectrolytic proce has been studied in cell 
metal by a fi alt electrolysi ince a survey of capable of holding up to 50 Ib total salt charge, Duc- 
he literature of thorium chemistry indicated that tile, pure thorium metal has been reproducibly ob 
electrolytic methods had not received much attention, tained in this operation 


o deve lop an economic: 


Considerable experimenta 
despite the consideration that electrochemical pro tion was carried out in the preparation of ThCl, as a 
duction method offer attractive commercial cell feed free from moisture, oxides, and other im 
potentialiti puritie 
Thorium metal has been prepared by method Thorium was cathodically deposited as a coarsely 
1ich fall into four general categoris 1) reduc rystalline powder interspersed with residual bath 
ialides or double halide 2) reduction of ult Aqueous procedure for separating and re 
$) thermal decomposition of halide and covering the metal were developed 
c method The thorium metal powder obtained has been 
the important results obtained by variou evaluated with respect to its hardness, chemical 
ince about 1900 in recorded attempt purity, and certain other physical propertie 
ire thorium metal ar summarized in Preparation of ThCl-Thorium chloride, and 
A bibliography of pertinent hterature 1 the chlorides of some other metals (aluminum, 
in this paper beryllium, tantalum, zirconium, ete.) cannot be 
rongly electropositive and posse obtained from aqueou olution by direct heating 
on 2 eat affinity for oxygen and nitrogen. As : and evaporation. Evaporation and heating of a 
esult the prospects for the production of high puri ion of thorium chloride yields a hydrated salt 
ium from aqueous media or oxy ay ere r partially hydrated salt, and finally ThO,. Anhy 
nisin and aro thorium chloride is obtained by forming a hy 
oduction of rated ammonium chloride complex salt in acidified 
in feed electrolve wate olution, dehydrating this compound, and 
2 been produced previ iy by thi ally decomposing the double alt and subliming 
jue from halide salts in fused alkali chloride he ammonium chioride component 
mixture Until recently, however, the lack Various methods for the preparation of anhydrou 
large uses for thorium has inhibited th wrium chloride, in accordance with this concept, 
vestigation of these method vere investigated as indicated in Table IL from hy 
he basic problem in an investigation into fused drated thorium chloride (ThCt 3H.O), and from 
on methods for thorium is to develop orlum oxyearbonate (ThOCO,) In the method 
tem for the economic prep found most itisftuctory for this work, thorium oxy 
af then wart ul nate wa | ved in an exce of concentra 
investigotion yellow solution. At least 
im thorium f ri ‘ wl } "| were added to the olution per mol of 
contained thorium, Ammonium thorium chloride 
} 


drate Va crystallized from olution by cooling 


manne! ) 

the eta ind saturation with HCl. The resultant complex 
0 to 150 C and thoroughly dried at about 
2 d ammonium thorium chloride wa 
B. C. RAYNES is Head, Chemical Engineering Dept., Horizons a BELEN ith sodium chloride in proportions to 
Inc. J. C. BLEIWEISS, formerly with Horizons Inc, is now with l Ni to produce a ThCl,-NaCl mixture 
Dow Chemcial Co, Midland, Mich M. E. SIBERT and M A 
STEINBERG are Section Head, Physical Chemistry Research, and 

Head, Metallurgy Dept, respectively, Horizons Inc., Cleveland 
TP 4576D. Manuscript, Apr. 5, 1956. New York Meeting. 

February 1956 


horium content. The ammonium 

ublimed off at temperatures above 

inert atmosphere furnace to give an 

ous chloride source electrolyte, essentially 
ThO, and of NH,CI 
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hyd t hich can be pro concentration (2 to @ pet ion) are believed to 
thod bed have been the result of the loss of some of the fine 
t} luced yv letermined etal particle produced in these circumstance 
tent »» Its at n the product aqueous recovery procedure. The 
7 { f th slue with optimum thorium ion concentration range was de- 
} n | |. (For comparisor termined to be 10 to 15 pet; cathode current densi- 
lhl ven.) tie optimun for th range of thorium ion 
i » alent te prepared a concentratior {00 to 400 amp per sq dm 
f that pro 7) The term ThCl,-NaCl is capable of being 
he mate 1} hich the m iperated continuously by adding make-up cell feed 
The proc contain additional thorium ion. These make -up 
‘ enresent ilts can be added during an electrolysi ol prefer- 
‘tion f ree olvte ably following a cathode withdrawal 
Operation—A series of Intermediate Seale Operation —-Once operating 
mis ba ye in col lable 7 condition for the ThCl,-NaCl fused alt tem 
had been established in the laboratory cell, the 
cale of operation was expanded approximately ten- 
Nectatet ere found to apt in oe fold. The laboratory work was performed in a cell 
rhe NaCl whose crucible was 4 in. ID and which operated 
vith about a 6-in. deep fused salt bath. The inter- 
mediate seale of operation discussed in this section 
seal 4 uce wm am metal of higt wus performed in a cell whose crucible was 8% i 
0 or lower in hardness) the thoriun 
ID and which operated with a 10 to 12 in. bath 
; lepth. A total of 50 lb of molten salt could be ac- 
pet ' commodated in thi cl icible 
tle cell ats phere must be inert In its construction, the intermediate scale electro- 

' nitroger lytic cell wa ubstantially the same as the small 
i ent ‘ ne t be anhydrou cule laboratory cell. The crucible was a monolithic, 
' bDse machined shape of graphite, which served as the 

mum operati te . ture mge fol mode The crucible wa urrounded by a single 
between (600 and Go | phase graphite resistor which consisted of graphite 
fe temy ture must be maintained links and rods. The shell of the cell was circular in 
du operation, either cro ection, all nickel, and insulated with K-28 
ontre f « { pre fire brick The upper ection of the hell wa 
current de 7 it} im ¢ cor flanged: the lower portion was welded to a solid 

f lependent. It ‘ duct nickel plate. The anode connection to the crucible 

euint vith higher tl col vas made from tl bottom plate by three graphite 
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Fig. |—Decompos: 
tion potential rela 
tion with tempera 
ture for thorium 
salts in NaCl 


700 + 


Fig. 3—Typical cathode deposit from intermediate size cell; 


approximately 5 tb of thorium metal plus occluded bath 
salts 


Fig. 2—Assembly drawing of intermediate scale electrolytic 
cell 

Fig. 4—Temperature- pressure curve for thorium melted in 
vacuum induction furnace 


post which upported operation j j ri ion, A ‘ embly draw 
the entire shell of the cell wa | ng oO d 

The cell wa pre , ! F | VF provided ith a de ource capable 
cooled assembly and operating he ; ‘ 1000 amp % 2 volt 


a 32 kw ae 
ad was provided with heat i I f del ri 600 amp, an argon 
ilated port for a cathode ! ‘ 


and and _ lating hood. The cell 


Table Il. Methods for Preparation of Thorium Chloride Cell Feed Mixtures 


Method Temperature, °F Time, er Overall Keaction 


Kemarks 
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Fig 5—Structure of arc melted thorium electrolytically pro 


Fig 6—Structure of arc-melted electrolytic thorium from 
duced from ThCl, NaCl. Oxide phase present. Hardness of ThCl,-NaC! with the oxide phase re a dendritic nee 
Rb 11 Unetched. X250 Reduced approximately 25 pet Hardness of Rb 36 Etched X250. Reduced approximately 


for reproduction 


25 pct for reproduction 


; 


Fig. 8—Arc melted electrolytic thorium; microstructure from 
the highest hardness range showing large amount of oxide 


showing a dendritic pattern of oxide. Hardness of Rb 53 8 
Unetched. X250 Reduced approximately 25 pct for repro Hardness of Rb 70. Unetched. X250. Reduced approxi 


Fig 7--Are melted thorium (electrolysis of ThCl,-NaCl 


duction mately 25 pct for reproduction 


beth is and vacuum-tight tarted. and heating of the cell charge begun. The 
I} cuthode f t? cell cor ted of a steel o1 alts were melted in about 1's to 2 hi 
Hist ("< riche ] nin diam and 5 in. long, After the salts were molten and the bath was at 
loud i tig in. diam nich od \ iphaite the chosen operating temperature, the cathode wa 
‘ 4 ted the nickel rod against chlorine inserted into the bath under a polarizing voltage of 
itt \ md extended tl ivh the operatin head about 2.5 volts de. When the cathode reached bath 
cuthode connection. the «ck oures Wi temperature (about 5 min), the voltage wa in 
le direct to the ckel 1 A nonconductit cre d and electrolysis initiated, After completion 
iit ted tl cathod fro the operatin f electrolysi the cathode was again polarized and 
head. The anode « ection is from the bus bat vithdrawn from the bath but held in the inert at- 
t » steel | velded to the bottom plate of the mosphere of the cell. The entire cell was cooled un 
‘ der an argon atmosphere overnight. Before the ib- 
I} ft i linarily operated a i batch unit equent run, the operating head was removed, the 
\ cible as placed in the cel ipon the anode cathode withdrawn, the crucible either removed or 
» ind charged with cell feed and additional echarged, and the unit reassembled 
i chil le ft whieve the de ed thorium tor Once the operation of this electrolytic cell wa 
nitration erati head w cleaned established and routine no inherent difficultie 
| tioned, and bolted dow: The vacuum flange vere encountered in the proce cale-up. Table IV 
vus bolted to the head and the evacuated and presents representative electrolytic results obtained 
lushed th a everal t W! il ert mn operation of this intermediate scale cell. A typi- 
(a ) atn phere had been established, — the cal cathode deposit, containing over 5 lb of thorium 
flange wa emoved, an ; on flow wa metal, produced in this cell | hown in Fig. 3 
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Fig. 9—Structure of as-cast electrolytic thorium cold rolled 
to 90 pct reduction. Initial hardness of Rb 15. Lightly etched 
X100. Reduced approximately 25 pct for reproduction 


Fig. 10—As-cast electrolytic thorium recrystallized at 
1000°C for 30 min after cold rolling to 90 pct reduction 
Etched. X100. Reduced approximately 25 pct for repro 
duction 


defined in the small 
proved to determine 


Those operating 
cell cale ot operation were 


intermediate scale of operation 


parameter 


the operation in thi 

This ease of scale-up indicates that further expan 

ion of clearly practicable 

Evaluation and Properties of Electrolytic Thorium 
Metal 


Product evaluation was determined by hardne 

and ductilit tudic on the are cast metal and by 
chemical analysi For hardne and ductility 
tudies, electrolytically produced granular 
thorium wi consolidated by pressing into dense 
compacts 1 o1 in. in diam and % Im. In 
height and are 
ventional tungsten at water-cooled copper-hearth 


Electrolytic thoriu metal 


melting these compact a con 
furnace unde! 

has exhibited har 
as Red (Vhn 68) 
runs made 


From ; 
proce 
tatement 

thorium produced 
thorium chloride 1 Vhn 
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metal with as-cast hardness well above these 
values has been made during the present work, In 

however, it was found that operation 
outs! of the established proce parameters wa 
involved. Source electrolyte material of low purity, 
failure of some electrolytic cell Component, or con 
tamination of product by improper metal recovery 
procedures can result in a product metal not within 
these 


controlled operating 


purity and hardne pecification Under 
conditions the electrolytic pro 
ce described in this paper is capable of producing 


high quality, low hardne thorium metal repro 
ducibly 
Table pive 


thorium produced a 


typical spectrographic analyses of 
powder, arc-melted pellets, and 
rolled strip. Carbon and insoluble contents are alse 


Liven 


Induction Melting—Some electrolytic thorium wa 
induction-melted in beryllia crucibles to determine 
melting characteristics of this type of thorium, It 
was subsequently canned in a steel container and 
hot rolled directly followed by cold rolling 

Thorium powder of 1'% Ib was cold-pressed at 
20 tsi in a 1% in. steel die to form completed bri 
quets. These 
baked-out beryllia crucible and heated in) vacuo 
by induction to the melting point of thorium. The 


briquets were charged to a previously 


ingot was allowed to solidify and cool to room 


temperature in the vacuum furnace 

Fig. 4 shows the pressure, in »w, as a function of 
temperature from 1000°C through the melting 
point. As can be seen from the figure, the rather 
high pressure in the temperature range of 1000 
to 1400°C is probably due to the 
idual salts not completely 


ublimation of re 
removed in the metal 
rise Above 1500°C 
the pre ure decrease to about the ultimate rating 


recovery step and to dissolved 


of the system employed. There ts a slight increase 


at temperatures above the melting point 


in pressure 
of the thorium metal 

Tensile Properties—Two tensile 
prepared and tested to fracture. The 


pecimens were 
heet was rolled 
from the small ingot of thorium which was induc 
tion-melted in a beryllia crucible under vacuum 
The ingot wa ealed in a steel jacket and hot rolled 
to a thickne of ‘4 in. (a reduction of about 50 
pet). Thi heet was then cold rolled to 0.040 in 
thickne for the tensile tests. The 
racuum annealed at 600°C for 1 hr prior to testing 
The average values of trength, yield 
point (0.2 pet), and percentage of elongation in a 
length were as follow 52,235 psi ulti- 
41.675 psi yield point, and 


pecimens were 
ultimate 


l-in. gage 
mate tensile trength 


11.2 pet percentage of elongation 


Microstructures—An attempt was made to relate 
the microstructures of are-melted thorium pellet 
with hardne and chemical composition. A. serie 
of arc-melted thorium pellet 
from Re ll to Re 70 were ex 
cally for evidences of microstructural difference 
The results of these recorded in 
Table VI and in the micrographs in Fig 

A general trend was evident in that a larger 


ranging in hardne 
amined metallographi 


observations are 
5 to 
amount of precipitate phase occurred a 
hardne increased. Thus, the hown in 
Fig. 5, which had a hardne of Rr ll hows ran 
domly distributed gray particles of indefinite pat 
tern. On the other hand, the 
ture in Fig. 8(Re 70) show 


pecimen 


pecimen 


pecimen microstruc- 
amount of the 


gray phase in a dendritic pattern 
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average harane of 
by the electrolysi of nie 
70 to 80. 


Ill. Analysis of Source Electrolytes 


In 
selubil Na as Total Pet 
Pet ity, Pet Nal, Pet Keported 


Theoretical Qensity 


Table 1V. Electrolysis of ThCl, in Intermediate Scale Cell” 


g Pressure, Tons/sin 


(Cathodic 


11—Relation of green density to cold compacting pres 
(Current 
for electrolytic thormum powder Current nes 
Amp. Wr Pet Vhn 


Hardness 


Table V. Spectrographic Analysis of Thorium Produced from 
Laboratory Scale Electrolytic Runs 


Impurity in 
Vowder Pellet 


pm 
Fig 12—-Electrolyts 
cally produced 
thormum crystal 
from NaCl ThCi 
showing surfaces 


x19 


Fig. 13-—Massive 
crystal of thormum 
trom electrolysis of 


NoC!l ThCl, X18 


harane 


Cold-Rolling 


ection ¢ 


; ited in Table VII 


Compactability Con 
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penalty 
? 
No Th, Pet (1, Pet Nu 
bd 259 2 24.8 102.2 
2 101.6 
6 
> 
Fig 
sure 
4 
‘ ‘ ‘ 85 
dS 
. ¢ 
Powder strip 
1¢ 
‘ ( 01 
‘ on 80 
> 
‘ ‘ 150 
, 
itt 
hie the im pellet micrographs of whiel ‘ The micrographs in Fi 9 and 10 show the n 
hown im » to vor ed curt crost ture ol irc-meited tho in after 90 pet 
content and total oluble vhich w ild eductior cold-roliit ind after cold-rolli 
a vel rho. the esults of plus annealing at 1000 C for hr, respective! Phe 
‘ i { nd betweet of the are-melted pellet wa Re 15 
leat 
tructure and the percentage of mate ible a reduction for a tl elie 
im concent ted’ He th { having an initial hardne of Ri 0. Values of hard 
thre } oft these rie nd percentare of reduction thickmne nre 
The ‘ i mave tent ea ducted elect ti the itt Vat id 
is in Fe-Tl byse ent pre ! in a l-in. diam dt Phe esults obtained 
iron contamunatior 1 ‘ nated ‘ hown in Fi 11. which 1s a plot ol een det 
duced met without ti = ‘ rhe we ed ' compacting pre ire. At compacting pre ire 
phase is Tho of 25 tsi the densit was 9.61 per cu cm 6 $3.5 pct 


Fig. 14—Layer structure of electrolytically produced thorium 
crystal. A Laue X-ray photogram was taken with the X-ray 
beam perpendicular to this face for orientation determina 
tion. X250. Reduced approximately 25 pct for reproduction 


of theoretical density (at 75 tsi a density of 98.0 pet 


of theoretical can be obtained) 


Observations on Thorium Crystals Grown from Fused 
Salt Electrolytic Baths 

For the purpose of observing electrolytic crystal 
growth characteristic of thorium metal from a 
fused-salt melt, large, well developed crystals were 
elected after careful leaching in wate 
it was observed that both flake crystals with well 
developed flat surfaces and massive clusters were 
12 and 13 


made to determine crystallo 


In veneral 


obtained, see Fig 

An attempt wa 
graphically the planes responsible for the flat and 
X-ray techniques. A Laue 
taken on the crystal 


well developed faces by 
back-reflection pattern wa 
hown in Figs. 14 and 15 with the surface depicted 
in fig. 15 perpendicular to the X-ray beam. A 
tereographic plot of the resulting orientation 
howed that this plane corresponds to (221), which 
is about 16° from the (111) plane. Since thorium | 
face-centered-cubic in crystal ordinarily 
(111), which is the most densely populated plane 


rowthn rate 


tructure 
would be expected to have the slowest 

and therefore would be predominant. This behavior 
however, is modified by the growth conditions and 
impurities present during crystal growth. In view 
of this, it is not remarkable that thorium crystal 
obtained from fused-salt electrolysis have well de 


veloped (221) face 


Conclusions 
A proce for the production of thorium metal 
by fused-salt electrolysis has been developed. Thi 
proce include the preparation of anhyd: 
oxide-free thorium chloride, the electrolysis of thi 
alt in molten sodium chloride, and the recovery of 


Table Vi. Comparison Among Hardness, Chemical Composition, 
and Microstructure of Electrolytic Thorium 


Analysis, Pet 


Amount of Gray 
in Microstructure 


Hardness nol 
Insoluble 


Fig. 15—-Adjacent face of the crystal shown in Fig 14 
Notice that a ridge-like rather than a flat surface is ob 
served, indicating faster growth in this direction. X250 
Reduced approximately 25 pct for reprcduction 


thorium powder of high purity. The use of an all 
chloride melt results in an overall proce which 
can be operated on a continuous basi 

The thorium is produced as a granular coarsely 
crystalline metal. The metal can be consolidated by 
tandard arc-meltin Thorium with an 
us-cast hardne of Re 5 (Vhn 68) has been pro 
duced. It can be cold rolled 


mechanically worked with ease It 3 


technique 


drawn waved ol 
otherwise 
ideally 


technique 


uited for powder metallurgy fabrication 


Primary factors contributing to. the of 
this proce are: 1) high purity source electrolyte 
particularly with respect to oxide insoluble mat 


2) the use of an inert atmosphere 


electrolyte tep and 


ter, and moisture 
electrolytic cell durin the 

the cooling of the deposit in an inert atmosphere, 3) 
proper control of bath and cathode operating tem 
perature and 4) the use of electrolytic cells of 
uch construction as not to contribute impuritie 


to the electrolytic bath 


Summary 


A fused salt electrolytic proce for the produc 
tion of pure thorium metal has been cde veloped Thi 
proce is based upon an all-chlorde clectrolytu 


tem in which thorium chloride dissolved in 


odium chloride electrolyzed to produce 


molten 
a deposit of granular thorium metal powder upon a 
cathode and chlorine gas at the anode. The proce 
is inherently continuous upon replenishment of the 
alt bath with additional charge 
Thorium chloride wa 
condition using wet chemical procedures by treat 
ing an HC] solution of thorium 
oxycarbonate with ammonium chloride. The result 


of thorium chloride 
prepared in the anhydrou 


chloride or thorium 


ing complex ammonium thorium chloride is con 
verted to an oxide-free anhydrous thorium chloride 
ource electrolyte by evaporation, drying, and sub 
limation in the presence of sodium chloride 


Table Vil. Hardness Change with Cold Reduction 


Keduction, Pet Hardness, 
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Discussion 


Technical Note 


On Complex Formation in the System Na AIF -Ai O 


by Tormod Forland 


oe equilibrium measurements on the system does not proceed fast enough, and a solid solution of 


Vak’-Na,AlF,-ALO,-Na.CO,-CO, with high con ALO, in Na,AIF, is obtained. Zintel and Morawietz 
tents of Nak, Forland, Storegraven, and Urn obtained eryolite containing 10 pet ALO, in thi 
concluded that complexe are formed containin vay. The density and the lattice parameters of the 
two oxyyven, three iuminun nda le lefined ALO, containiz cryolite vere i measured, and 
number of fluorine pe complex. The same number from tl t was concluded that the ALO, ents the 
of oxyven atom per comple wi ilso found by te lattice as ALAIO rouy replacing Na,AIF, 
eryoscopic measurement for mixture high in rouy However, the experimental data could a 
Nu,Alk vell be explained by assuming that one Na’ ion and 

In a recent paper by Stoke ome other comple two of its neighboring F ions are replaced by one 


hon ALOLF, and AIOF have been iggested Al on and two QO on This ma be pictured 
Here an additional argument in favor of the com chematically a 

plex ALOLF, suggested by Forland, Storegraven, and 

Urnes will be given Al F Na F Al FALOAILOAIFE 
When fused Na,AIF, containin ome ALO F 2 20 F 


cooled slowly, the solid phase will cor tof the two olid ervyolite cryolite-alumina 
components a eparate phase The melting point olid solution 
and the heat of fusion of ALO, are so high that th This means that the complex in the solid lution 
component will form the stable solid phase even lerived from X-ray and density measurement ! 
though in the liquid state the complex mav have a the ame as that which Forland. Storeevraver and 
high stability. If, however, the fused mixture i Urnes derived from equilibrium measurement ! 
quenched, the decomposition of the ox en-con the liquid state 

taining complex and the format n of lid ALO 


T. FORLAND is associated with the Dept. of Ceramic Tec hnology, Fr. i iu 
Pennsylvania State University, University Park, Pa 
TN 422D. Manuscript, Mar 25, 1957 ‘ 
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Asarco’s New Electrolytic Plant at 
Corpus Christi, Texas 


During 1953 the American Smelting and Refining Co. completed construction of an 
addition to its Corpus Christi operations. This addition was designed to treat fume from 
Asarco’s El Paso and Chihuahua slag fuming plants. The capacity of the plant is from 
80 to 90 tons of special high grade zinc for a 24-hr period. Power for the new addition is 
purchased locally and converted, using mercury arc rectifiers 


by A. C. Jephson and R. E. Allen 


American 
located adjacent 
Christi, Texa 


during 


LECTROLYTIC zine 


4 Smelting and Refining Co. are 


plant of the 


to the 7 ! eity limi 
The ory ant 
1942. ane | mned tor the 


ulfide concentrate Sub 


of Corpu 
commenced operation 
production of special 
hign pgri zine from zine 
include the erection of an addi 


1950 


equent change 
tional acid plant durin and additions for in 
creased during 
1951 
New 


plant a 


generating and production capacity 
Electrolytic Plant-——-The new electrolyti 
eparate unit erected for the treatment 
fume produced at Asarco plants located 


Texa and Chihuahua Mexico. Construc 


densified 
completed and operation commenced dur 

1953 
for the 


atment of densified fume 1 


erection of a separate plant for 
based on 
One of the principal reasons ts the a 
continued production rate of the 
which might have 
treatment of calcine and fume, Of equal importance 
with 


original plant 


been jeopardized by combined 


is the advantage of locating a plant on a site 


adequate pace for event ial ¢ x pansion 


General Description—-The new plant for the treat 


ment of densified fume consists of four main build 


ings for the following operation torage and grind 


ing of furne 


leaching and purification, electrolyzing 
and casting ind rec ! building 


ide ; agh re } rag and a 


t Auxiliary 


tifier uni 
lunch 


room 


A.C. JEPHSON and R. E. ALLEN, Members AIME, are Manager 
and Superintendent, respectively, Electrolytic Plant, American Smelt 
ing and Refining Co., Corpus Christi, Texas 

TP 4431D Manuscript, Nov 25, 1955 
February 1957 
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Leachin of round turne vith electrolyte from 


the cells is a batch type operation in tanks equipped 
with mechanical agitators and weightometers, Com 
filtered, the resultant 
hipment to kl Paso by 
Vacuur 
from the 


etion through plate and 


pleted leache are pre ure 
residue being recovered for 
drum type 
biltrate 


in mechanically 


Lhickene! 


then pumped to an evaporative 
Solution discharged from. the 


tower 1 collected in torupe 


olutions are pumped as re 
to the solution cireuit for cir 

through the cell except for 
feed with 


leaching, the circulating 


of elects 


addition of rified olution and 
iwal of electrolyte for 
tem for the cell is essentially a closed con 
tinuou ! that includes the use of evaporative 


cooling towers for control of solution temperature 


Aluminum cathode and Ayv-Pb anodes are used 
fw rolysi which 


density of about 62 amp per sq ft. Cathode zine pro 


maintained at a current 


duced is melted in 4 gas-fired reverberatory furnace 


and then cast into labs on a traight line casting 
machine 

Fume produced by the 
and furne by 


Unloading and Storage 
Chihuahua plant is shipped in box cat 
the FB] Pa Oo plant 

received are weighed on a 75-ton capacity 
ampled 


hopper With Cat 


in hopper bottom dump cars, Ship 
and then moved over one of 
puller. The 
loaded with mechanized equipment 


ised for 


the hopper bottom cat 


unloading of box cars and 
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k 
aS 
tanks, filtered afte 
frame presse and peck 
type coolin towel! 
busin olf he OO? 
tunks for use in the cell Ro 
The cool purified Bk 
quired from storage 
culation 
af 
ine 
the two unload 
cars are then unl 
if coop bei 
va 


Table |- Monthly Averages for First Six Months 1955 


thre hoppe the furne is conveved 
belt t elevate hich turn, d 
‘ It belt located above 
thie ered ¢ nerete ive ich, of the 
‘ belt equipped with movable tripper 
} «© into eithe of the four concrete 
bir capacit of each bin ts 2500 
tor ted capacity of the bucket elevator 30 
lew ‘ emainade of the conve 
term cupacity of 200 tor } 
Drying and Grinding The rindin init, a 
evil mentioned located in the building used 
f The init cor ts of a i fired 
i! i ball and conveyin 
pment 
hurme f proc is removed from storage with a 
| ‘ | ‘ discharged inte hoppe ind then 
eat cor ‘ r and a bucket ele ator 
i “5-ton cuapacit bin The bin vhich 1 


Dhie ed rota dryer is 4 ft in diam b 0) 
engl ith an internal spiral and lifter ar 
el fine tute ad Combustion 
! thie ! ‘ ine massed through a foreed draft 
evclonme f recovel of dtust Dry fume from the 
liye transferred to the feed hopper for the ball 
‘ttl wou Hardings vept ball mull 
ed edit nventional manner with a classifier 
nd eyeclone oduct collector, ised for grinding 
thie Tul \ | equipment consist of a dish 
feeder { the mill and a bag filter fe ecovery of 
! t contained in the i treat ented from the 
emeunt he | filler and collector are discharged 
int sere conveye transfer of round 
{ clust t t me bins at the leachu department 
The production rate of the mill is about 7's ton 
per ball consumptror ibout O.O7 Ib per ton of 
fur round. Typieal screen analysis of the round 
pet nm LOO mest » pet on mesh, 25 
pot on and about 69 pet a mesn 


Leaching Ciround fume from either of two 500 


ton capac torage bir is transferred with screw 
‘ ‘ mad bucket ele itor to 25-ton bin 
cuted at each of the three ventilated leaching 
taunt Phe leach tant which are designed for 

operat olume of about 21.000 vallons each 
ire of wood-st « construction, lined with Sb-Pb 
heet and acid-proof brick. Fume ts discharged into 
leach tank it a controlled ite by the use of a 
crew conve ind weightometer. The agitator a 
embl which is constructed of type 316° stainle 
teal, ts of mn 6-in. dian haft to which a re 
nforced channel type cro arn attached. Angle 
posttioned tte ittached to the cro arm and 
pended tl ugh the ‘ of the tank, are 
meclhuded fe eflective avitation \ 15 hp motor and 
i spur type reduction gear are used for driving the 
pital it ite of about 10 rpn 

Leachi as previously indicated, is a batch type 


tave method 


entially a two 
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Table Il. Average Analysis of Slab Zinc, Pct 


Zn, By 
Difference 


0 000% 0 0007 99 9972 


if treatment. The initial stage consists of pumping 
about 17,000 gallons of electrolyte and 4,000 gallon 
of wash solution from the filters into an agitator 
and determining the acid content of the mixture 
Using typical data of previous charges, a calculated 
amount of fume is then added with a weightomete: 
for reduction of acid concentration from about 155 g 
per liter to the range of 5 to 6 g per liter. Ground 
MnO. ore is also added during the initial stage for 
oxidation of After a 2-hr period of 
uffici- 
ent fume added at interval for a final tage of 
neutralization 


oluble iron 
agitation the acid content is determined and 
neutralization. The final stage for 
isuall 1 to 2 hr and is determined by 
titration of sample sefore a charge is released for 
filtration, the filtering rate of the pulp and ferrou 
Occasional 


require 


iron content of filtrate are checked 
charge which are not considered satisfactory are 
reacidified to about 5 g per liter, MnO, added if 


required, and the solution again neutralized 


Filtering and Residue Recovery -The filtering 
ection consists of six Burt filters, two thickenet 
two drum type vacuum filters, a residue dryer, and 
the usual auxiliary equipment. Tanks for intermedi- 
ate storage of pulp are not included. Completed 
charges are pumped direct from the leaching tank 
into the Burt filter 

The Burt filter each 5 ft in diam by 40 ft in 
length, are lined with '%4 in. rubber. The operating 
floors for the filters and leaching tanks are at the 
ame elevation. Other than lining, the filters are of 
conventional design with the usual complement of 
$2 fluted Strength of the filter 
boards has been improved by the substitution of 
tain teel bolts for Everdur, and additional re- 
ection 


irface filter board 


inforcement of the center bolt and spigot 
The use of synthetic cloth instead of the usual type 
of canvas for covering the boards ts in the experi- 
mental stage 

Operation of the Burt filters is similar to descrip- 
published. Briefly, the cycle con- 


ists of pumping pulp from a leaching tank into a 


tion previously 


rotating filter and applying air pressure until pres- 
ure gages indicate that the initial filtration stage ts 
completed. In a similar manner, three successive ad- 
ditions of wash water are pumped into the filter for 
a countercurrent type of washing. Resultant fil- 
torage tank 

Weak 
pulsated 


trate in each case, are advanced to 


containing solutions of increased gravity 
wash water is then added and the cloth 
with vacuum for repulping and discharge of the 
residue 

The residue slurry from the filters is then dis- 
charged into the first of two 30-ft thickeners which 
ire operated in series. The underflow from the sec 
ond thickener is pumped to one of the two drum 
tvpe vacuum filters for recovery of residue which 1 
dried and stored for shipment to a lead smelter. The 
rotary dryer, as previously mentioned, is 4 ft in 
diam by 20 ft in length. Residue from the dryer 1 


tored in bins until it is sufficient for shipment 
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‘ »79 
‘ 40K 
equipped with an adjustable pate, discharpe by belt 
| 
of operation and ts ¢ 


Table Ill. Typical Analysis of Solutions 


G per Liter Mg per Liter 


Burt filtrate 160 1 to 25 lto 15 10 Not 
First fica ' 146 Olteo 02 01 0 deter 
rificatior 170 0 006 10 ed 


0 006 


Table IV. Typical Analysis of Fume and By Products 


rb te 


Zn 


004 to 0 to 0 ol 


to 12 Ote 21¢ 7 te O04 to 024 


Purification—-Two variations are incorporated in 
the design and construction of the purification sec- 
tion. Each of the four purifiers has an operating 
volume of 40,000 gallons as compared with the 20, 
000 gallon capacity of those used at the original 
Another departure is the use of aluminum 
instead 


plant 


alloy plates and frames in the filter presse 
of the usual bronze type 
, each 30 ft in diam by 10% ft deep 


team coils for 


The purifie: 
are unlined wood-stave tanks with 
heating the solutions. Two 30-in. diam stack 
equipped with 1900 cfm forced draft fans, are used 


each 
on each tank to assure adequate ventilation. The 
embly, which 1 
alloy, consists of an 8-in 


agitator a constructed of coppe 
diam shaft to which an 
8-in. diam cro A 20 hp motor and 


reduction gear are used for driving the agitator at 


-arm is attached 


a rate of about 6.5 rpm 

Purification is based on a two-stage method of 
treatment. The first stage i 
of germanium content to about 0.2 mg per liter 
Completed charges are filtered and discharged direct 
econd-stage tank for 


primarily for reduction 


from the filter pre into a 
final purification. All of the presses are the closed 
delivery type and are 36 in. in size. Filter cloth and 
Kraft paper are used in the usual manner to assure 
clarity of solution 

Typical operation for the first-stage treatment 
consists of pumping about 40,000 gallons of Burt 
filtrate into a purifier, heating the solution to about 
90 C, and adjusting the acid content to about 
cake from 
charges and all of the pre cake from the 
tage treatment are added during the initial period 
of operation. Remainder of treatment, which usually 
about 4 hr, consists of adding zine dust 
Although 


not been developed for germanium 


per liter. Part of the pre previou 


econd 


require 
at a gradual rate with a belt type feeder 
a rapid test ha 
the operator 

factory 
», and varying 


have reasonable assurance of sati 
maintaining a pH of about 4 to 
indicated by 


cake not required for treatment of 


removal by 
conditions a previou 
charge Pre 
ubsequent charges is shipped to a copper smelter 
Completed charges are filtered and discharged direct 
rom the pre into one of the two tanks used for 
econd-stage purification 

The second-stage treatment for final purification 
usually requires 4 hr for completion. The charge 
are started by adjusting the solution to 4 pH, and 
adding 300 Ib copper sulfate and about 0.1 Ib a: 
enious oxide. During the treatment stage zine dust 
is added at a uniform rate with a feeder and addi- 
tional copper Electrolyte 


added to maintain a pH of 4 to 5 and temperature 


ulfate as required 
of solution permitted to decrease from about 80° to 
70°C. As previously indicated, the germanium con 
tent of the solution is not determined by the opera 
to! Howeve! atisfactery test for cobalt and 


urance that the solution 1 


arsenic usually give a 
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of sufficient purity for electrolysis. Solutions of such 
purity are then filtered and discharged from. the 
presses into storage tank 
Cell Department 
local utility company and converted to de current 
for operation of the cells. The initial voltage of 69 
000 is reduced to 12,000 with two 7,500 kva tran 
forme! Three 12 
then used for conversion to de 
transmitted to the cells by a common bus bar at 
Although the normal rating of each of 
70 volts, the 


Power is purchased from a 


phase mercury are rectifiers are 
current, which 4 


rangement 
the three rectifiers 1 ». 600 amp at 
cells are presently operated at 19,500 amp and 610 
volts. Power from the plant ac generating system 1 
available for emergency by use of an interlocking 

tem 

Operation of a 600 de volt cireuit in the humid 
climate of Corpus Christi requires design for con 
trol of stray current Design for control of stray 
currents include the use of brick-lined cells and 
of launders constructed of plastic for flow of electro 
lyte to and from the cell In addition, the feed 
launders are located about 6 ft above each bank of 
cells and the return laundet which are sloped 
from 3 to 4 ft below the outlets of the cell Re 
movable porcelain pipes are used for directing elec 
trolyte from the feed launders to the cell 

The 196 cells used for electrolysis are 
14 cells to a bank in 14 parallel rows. The cells are 


constructed of concrete and are lined with asphalt 


arranged 


and plastic base material Which in turn are pro 
tected by 
The top course of the brick 
lead cap which extends over the top and outer edpe 
of the cell, Each cell is designed for an operating 
volume of 750 gallons of 
with 29 Ag-Pb anode 
The anodes and cathodes are identical to those used 


in the original plant and are 


an inner lining of 1'4 in. acid-proof brick 


lining 1 ecured by a 


olution and is equipped 


and 28 aluminum cathode 


ipported in the ame 
manner on notched porcelain insulators located on 
the edge of the cell 

The general arrangement of the bus bars in each 
plant is similar in that they are located adjacent to 
the end cells of eacn bank and have a shunt ar 
rangement for re lease ol COMM for ele an 
ing. E 
light insert bar instead of a heavy 
bar. Installation of the 
top of the cells 1 
a decided convenience for operation 


ential difference in design is the use of a 
Wing-type shunt 
tripping floor at the same 
elevation as the another chanpe 
which 1 

A closed system of circulation is used for con 
tinuous flow of electrolyte through the individual 
cells. Return launders for each of the cell banks are 
positioned for flow of electrolyte into a main col 
lecting launder and discharge into either of two 
000 


then used for transfer to three evaporative type 


allon capacity lead-lined tanks. Pumps are 


cooling towers which are packed with a staggered 


arrangement of wooden slats for dispersion of solu 
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Acid Zn Ge Co Fe Fume 
Ke fut 
produced 85 
(a 
( er 
Ele ‘ 19 — 4 hipped 10 t 40 to 50 04007 
{ 
1. 


154.000 cfm fan 


ned 1! ht angle flow of air through the 
‘ 
n fror he | of the towers overflow 
i ! if iad cl nto trie of 
19,000 pallon it ead-lined storage tanh 
Che solutior then pu ed to a main feed launder 
nl ed tiets distribution to each 
f the bank feed inde Ihe feed launders also 
« controlled outlets for regulation of flow to in 
Ihe ate of flow isually about 15 
ero 
pre mentioned, clectrolyte pumped 
! the ¢ tir tern to the leachin tank 
feed solution added from the purification de 
trent ‘ le purmny ive used for transfer of 
mn thie 000 i mn tant to the leach 
! lepartment. Feed solution from the purification 
ectpor pumped at a controlled rate into the di 
haryve rice the tower! Reagent feed 
‘ ! thy ddition of ere he acid, sodium silicate 
nad i! located for discharge into the 
155.000 illon storage tani A slurry of strontium 
ibonate 4 ilso added at the point for control of 
he lead content of the cathode zine 
Phe 14 ban of cel are rotated for operation 
| ‘ ed f elect is and two are hunted out 
fe clean of anode vhich 1 isually maintained 
na ele \nodes removed for cleaning are 
hun in & Vertical position on a circular type con 
‘ chat The chain conveys the anode im 
puence through a adrvyet rapper two et of 
brushe nd a washer. The anodes are removed 
placed in a racl ind returned to the cells for re- 
placement and alignment 
Ct ised f electrolysis are stripped after a 16 
fof deposition. The alternate cathode ima 
eell are emoved at one time placed in a rack 
hed, and then stripped with a chisel and ham 
rie cathode tek are checked and contact 
hed before replacement in the cell 
Ibve ne cuthode ire transferred with a gasoline 
en lift ick to seale for weigh and then 
‘ the idual addition into the 
{ 
Casting Thi is-fired reyverbatory furnace used 
ne cathode located at the ground 
evel bet th the eape f the charge floor. Cathode 
we charged int the furnace through a chute at 
tuched t n the flat ispended arch 
cl ite two lamper po itioned 
cupe of furnace pase 


Technical Note 


by 


Jack | 


YASEOUS products of an aluminum reduction cell 


J con t maini of carbon droxide 


and carbon 


D. HOLLIDAY are associated with Research 
Chemical Corp, Permanente, 


J L. HENRY and R 
Aluminum and 


Laboratory, Kaiser 
Calit 


TN 426D. Manuscript, Apr 


12, 1957 
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Henry and R 


12 ft by 21 ft 
about 2.3 ft, 
Two dip- 

furnace are 

eparated from the combustion zone bridge 
burners on the opposite 


The inside area of the furnace 1 

depth of the bath 1 
quivalent to 140 ton 
flue end of the 
with a 


and the average 
capac ity 
pin Well located on the 
vall. Three low pressure ga 


end of the furnace have controls for adjustment of 


and auxiliaries for maintaining de- 
red ratio of the air-ga 
from the 
with a 


baghou for 


flame pattern 
mixture 

furnace are drawn 
rough a 19,000 cfm fan and 
discharged recovery of dust 
The baghouse consists of two sections, each contain- 
ing 42 bag diam by 25 ft in 


Combu tion gase 
pipe cooler 


into a 


which are 18 in. in 


length. The cellars are usually cleaned once a month 
by sluicing the dust into a sump and then pumping 
the slurry into an agitator. After a series of washe 
and decantations for removal of water soluble 
chlorides, the final slurry is pumped into the solu- 


of the cell department 

of casting crew 
nto the skim layer and adju 
hift. Skim is removed at 


tion circuit 

After 
ammonium chloride 
the burners for the next 


rabble 


completion each 


l6-hr interval and, after cooling, 1 transferred 
to a hammer-mill for separation and recovery of 
metallie The metallics are returned to the fur- 
nace and the oxide portion to an agitator for re- 


ettling and 
electrolyte 


After 


olved in 


oluble chloride 
kim is di 


leaching department 


moval of water 
decantation, the 
ind pumped to the 
The traight line 
by the original plant is to be installed for casting 


140 mold 


type of machine presently used 


The machine ha mounted on an endle 


chain which is positioned on a slope for elevation 
and discharge of the slabs to a bench. The essential 
feature of the machine is the design of the structure 
and drive for elimination of vibration. Drive as- 


of a 
peed 


embly for the machine consist 


dynamati 


10 hp motor 


connected to variable coupling 


which in turn is connected to a worm reduction gear 


Variation of mold speed is controlled by the ladle 
operator. Slabs discharged from the machine are 
tacked for transfer to the scales for weighing. After 
weighing and check-weighing the stacks are stored 


dock for 
Operating Data 


on the hipment 
Ty pi al analyses 


Table I to IV 


and production 


data are shown in 


Reference 
1 1944 1 159, 194 
Discussion of tt paper sent (2 copie to AIME b Aug. 1, 1957 
n AIME Tra ictions Vo 21%, 1958, and in or 
Octot 


Mass Spectrometric Examination of Anode Gases from Aluminum Reduction Cells 


Holliday 


monoxide. Sulfur dioxide, hydrogen fluoride, and 
hydrogen sulfide have also been conclusively identi- 
fied. Carbon tetrafluoride has been observed only 
during the period when the anode is polarized.’ This 
perl od known i anode effect occu! when the 


molten bath approache de- 


istance at the polarized anode 


alumina content of the 


pletion.” Increased re 


results in a voltage rise from a normal 5 volts to as 
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high as 60 volts in order to sustain the current. Al- 
though the anode effect is terminated as quickly as 
possible, the gas evolution rate and electrolyte tem- 
perature increase during its course 

Many other gaseous products have also been sug- 
gested, as would be expected from the complexity of 
the system. In view of the many uncertainties in 
composition and difficulties in chemical analysis, a 
complete qualitative and quantitative analysis of 
anode gas was made with the mass spectromete! 
Experimental 


Thirteen anode gas samples were taken from com 
mercial reduction cells of both the prebaked anode 
Nearly 


howing a 


and the continuous or Soderberg anode type 


completely burned gas as well as sample 
mall degree of combustion were taken during nor- 
mal operation and anode effect. Gas was drawn into 
evacuated gla through a Vycor tube 
packed with pelletized sodium fluoride to 


Shghtly burned gas 


ample bulb 
which wa 
remove the hydrogen fluoride 


ample were obtained from within a steel can 
mounted over a hole in the bath crust, while the 
more completely burned samples were taken from 
ubove open holes. All samples were analyzed by the 


Consolidated Electrodynamic Corp. in Pasadena, 


Calif 
Results and Discussion 
from the Soder 
Corresponding 


The compositions of gas sample 
hown in Table I 


taken from the prebaked anode 


berg anode cell are 
compositions of ga 
cells are given in Table LL. It is evident that the com- 
position 1 ubstantially the ame for both ype of 
reduction cells. Aside from carbon dioxide and cat 

carbon tetrafluoride is the only gas 
evolved only during 


bon monoxide, 
appearing in quantity, and it! 
anode effect. The nonappearance of carbon tetra 
fluoride during normal operation does not rule out 
the possibility that CF, is an initial product, but that 
pyrolysis to CO and HF occurs a 


Conditions in the cell closely resembk 


the pas « cape 
those em 
ployed for the estimation of fluorocarbons by pyro 
] to form HF.” The only higher fluoro- 
hexafluoroethane It low 
fluoride 


ytic hydroly 
carbon detected wa 
concentration indicates that the only seriou 
lo in the 
tributed to CF, 

It is of interest to note that 
are evolved from a reduction cell. The primary sul- 
fur compound appears to be ulfide, al- 
though substantial amounts of carbon disulfide are 
anode effect. COS is formed when 
ulfur or their compounds CO, 
high tem- 


form of inert fluorocarbons may be at- 
everal sulfur pase 
carbony! 
generated during 


ygen, and 


brought together at 


carbon, Ox 
CS,, and SO, ars 
perature 

COS =CO +S 

2COS = CO, + CS 
Since the CQ, concentration is high near the anode 
formation of 
when the CO 


more CS, should be formed 


urtace ma action would favor the 
COS. During 
concentration 


Higher local temperature during anode effect would 


anode effect, however 
lowe! 
also promote the formation of the more endo- 
thermic CS,. Since each atom of 


carbon bonds and prohibits the carbon from carrying 


ulfur occupies two 
its full share of oxygen as CO, during normal de 


polarization, this constitute 


a mechanism of carbon 
consumption 

Sulfur dioxide is formed by 
COS and CS, while hydrogen 
formed by hydrolys! Elemental 


the oxidation of the 
ulfide is presumably 
ulfur has been 
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Table |. Composition of Anode Gas from a Soderberg Cell; 
HF and SiF, Removed 


Volume Pet 


During Normal Operation During Anode Bflect 


Nearly Nearly 
Gaseous Very Com Very Com 
Compe Slightly pletely Slightly pletely 
nent Kurned Kurned Burned Hurned 
CO 418 16 28 752 
co 42 64.25 1 
ta 2 74.00 
‘ oa 14.44 
054 
Hw 
H 02 
So) of “oo 
HLS 0 Ot 
Cos oo 
cs 
cr, 1472 
Cc} 


Table 11. Composition of Anode Gas trom Prebaked Anode Cells; 
HF and SiF, Removed 


Volume Pet 


During Nermal Operation During Anode Effect 


Nearly Nearly 
Gaseous Very Com Very Com 
‘ po Slightly pletely Slightly pletely 
nent Hurned Kurned Kurned Hurned 
tt) 245 11 25 2170 
co lt i 10 75 on ivast 
20 08 24 271 
\ 4 oon 
17 
H 
SO 0.07 ool 
H 004 
Co 0 002 
CF, 2 1 


found in particulate matter collected in the absence 
of air. Iti possible that the reduced forms of ulfur 
may result from reduction at the cathode. Cyche oxi 


dation and reduction of sulfur compounds at the 


anode and cathode may be a factor in cell current 
efficrency 
Free hydrogen undoubtedly result 
of anodic hydrocarbons. The argon: nitrogen ratio } 
nearly that for au prob 
ably not a cell product 
Hvydroven fluoride wa 


ample 


from cracking 
indicating that nitrogen | 
removed from 


purpose ly 


ma pectrometer and has been measured 


by other means. Pure unburned gas from small seale 


experimental cells has been found to contain ap 
proximately 0.5 volume pet HF, assuming a formula 
weight of 20. Anode hydrocarbons appear to provide 
the hydrogen for the formation of HF. Additional 
HF is formed when volatilized or entrained fluoride 
contact the moisture in the air. The present data 
indicate that 


based on the original ga 


at least an additional 0.5 volume pet 


volume, results from the 


thermal hydrolysis of such material 
References 
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Dissolution of Pyrite Ores in Acid Chlorine Solutions 


An apparatus and technique is described for reacting a known area of sulfide 
ore with a known volume of chlorine water and measuring the rate of dissolution of the 
ore. Pyrite, under all conditions studied, produces only ferric ions and sulfate ions, and 
the reaction 1s diffusion controlled with an energy of activation of about 5000 cal per 
mole 


by M. |. Sherman and J. D. H. Strickland 


L) oh of w hydrometallurgical approach to the urface. No mention is made of possible difference 


ol ilfide ore ind extraction of in behaviour between various ore 


thie 


Apparatus 


mieitir technique when low 
ide dey t is difficult to concentrate or the sub A complication encountered when working with 
equent sey ation ‘ meta oan tin n the ore chiorine water is that a serious loss of chlorine o« 
borious | iny known smelting operation. For curs by gas partitioning unl an enclosed system 
economi eu ’ the most promisin oxidant are used and any al pace in the apparatu l kept 
eithe itmospheric o en or electric power very small and constant. Arrangements were made, 
Ihe ‘ e; 4 inder pre sre. has re therefore, to take out sample for analysis without 
cently been revised. P hotite has been converted letting air into the system to replace the liquid re- 
‘ . le and elementa sMfur' and a ety of moved. For convenience in studying a heterogen 
ilficle have been treated b Forward and co eous reaction the apparatus wa oO designed that a 
ke Genera Cote the end form of the reproducible controlled stirring rate could be main 
ilfur but with dena in an acid medium. elemen tained and the ratio of surface area of ore to volume 
te ilfur can be formed For economic reason of solution was approximately constant throughout 
chlorine and ferric iron salts are about the only po any experiment 
ble alternatives to the atmosphere as oxidizin The apparatus used i hown in Fig. 1. The 
ssenta hose meta il fide If aqueou ylutior round ore was placed in the horizontal cylindrical 
fo ne f ‘ on are employed, the reduc vessel, A, of about 1 liter capacity, heated by a con 
tion jucts can he lized electrolytical taunt temperature circulating bath pumping water 
fu and used avair thus actin 4 catalysts for through the concentric jacket, B. By adding chro- 
‘ electric pows as oxidant The use of ferri« alt mate to this water, an ultraviolet radiation filter ef 
f t} purp established hydrometallurgical fectively urrounded the reaction vessel, greatly 
practice’ but, although ehlorine as has been em reducing any possible photochemical decomposi 
ployed in the d tate at an elevated temperature tion of chlorine solutions. Stirring was effected by 
; ts use in aqueous solution at or near room tempera pla paddles, C, attached by an axle to a magnet 
, ture has not found favor which was rotated by another powerful Alnico mag 
rhe reaction of chlorine water with the soluble net, D, outside the glass end, this magnet being itself 
ulfide ion has been studied b everal works rotated by an electric motor electronically con 
ind both ifate and elemental sulfur are found a trolled to constant speed. Speed could be varied from 
end product the latter being favored by the pre about 150 to 900 rpm and was measured and held 
ence of a low concentration of oxidant relative to to within 1 pet of a given value. The end of the re 
that of ilfide in solutions of about pH 9 to 10. Of action vessel remote from the stirring magnet wa 
direct be nv on the work in hand are an earls closed by another one-ended glass cylinder, E, con 
American patent’ and a recent Austrian patent nected by thin polyethylene bellows, F, clamped 
Nhe forme sdvocate powde red ore with an by crew clamp and watertight rubber gasket to 
iqueous solution of fe « chloride chlorine oxide the main vessel. Through E, a glass electrode and 
and chlorine. In the latter it claimed that both calomel electrode projected into the solution and a 


metal and sulfur can be obtained by electrolysis. in hypodermic syringe pierced a small bung and al 
i diaphragm cell, of a metal ore lurryvy in brine lowed acid or alkaline to be added to maintain a 
Details in these patents are scant and no data or ex constant pH. By pushing the fully extended bellow 
planation ven for the mechanism of the reaction until the two cylinders touched, from 50 to 100 ml 
which. in the Austrian worl attributed to the of solution could be forced out through a sintered 
(unlike ) action of nascent chlorine at the anode disk into the three-way tap system, G, either to 
waste (for flushing purposes) or up into a 10 ml 

M | SHERMAN is associated with British Columbia Research burette where the olution could subsequently be 
Council, University of British Columbia, Vancouver, Canada. J. D. H measured out for analysis. The ore samples wert 
STRICKLAND is with Fisheries Research Board of Canada, Pacific introduced at H, the tube being stoppered by a ther- 
Oceanographic Group, Nanaimo, Canada mometer of —1 to +52°C range, graduated to 0.1°C 
TP 4428D. Manuscript, Feb 15, 1956. New York Meeting, Feb intervals. To prevent ore from being ground in the 
rwary 1996 end bearings of the stirrer these bearings were pro- 
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Fig. |—Schematic diagram of apparatus 


Table |. Experimental Data 


per 
per Min for 
Min for 
Chlorine Dioxide 


Temper 


Experiments Illustrate Conditions ature, 


pH if 
00 rpr 
O5MH 
pH 0.40 


H 


tected by polyethylene disks attached to the rota 
ting shaft (not shown). To prevent ore 
and stagnating in the folds of the bellows, these were 
lined by a stiff cylinder of thicke 
(also not shown), which was fastened to the end 
cylinder and slid in and out of the main reactor 
vessel. The 
In a wooden cradle and the apparatu 
and held, if de 
to assist In maintaining an even layer of ore on the 


collecting 
polyethylene 
ecurely fastened 


could be tilted 
ired, at an angle to the 


whole equipment wa 
horizontal 


bottom of the cylinder 


Experimental Procedure 
sample of pyrite 
assaying at better than 97 pet FeS,, was crushed and 
14 Tyler 
omew here 
timate of the 
obtained by weighing 


A large from British Columbia, 


wet-sieved to give a fraction 10 creen 
The particle 
between cubes and 


were irregularly shaped, 
pheres, and an « 
appare nt 


a known number of particles and comparing the 


urface per gram wa 


uming each particle 
h opening The 


volume with that calculated, a 
a cube of side equal to the mean me 
volume shape factor thus obtained was used as an 
hape factor and, although the 
tioned, it was consid 


than 


area justification for 
uch a procedure can be que 
ered that using thi 
neglecting it 

The apparatu W u 


factor led to le erro! 
embled and filled with a 
olution of oxidant in a medium of desired 
composition and pH, o that no air remained 
olution wa tirred and the 
water circulated until the 
reached A known weight of 
added through the thermometer out- 


tarted At known time If 


in the vessel. The 
jacketing correct tem 
perature wa 
was quickly 
let and a stop watch 
tervals the bellows were compressed and liquid re 

moved, One ml wa ent to waste in order to flush 
out the equipment, then the Way 
turned so that 8 ml could be 


lap Wa 


ent up into a burette 
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Fig. 2—-Plot of chlo 
rine concentration 
against time for 56 
sq cm of pyrite sur 
face, solution stirred 
at 300 rpm at vari 
ous temperatures 


7 


TIME MINUTES 


Fig. 3—Plot of chlo 
rine concentration 
against time for 56 
sq cm of pyrite sur 
face at 25°C; vari 


able stirring TIME MINUTES 


Fig. 4—Arrhenius 
plot for oxidation of 
pyrite by chlorine 
and chlorine dioxide 
solutions 

from which a 5 ml aliquot was taken for oxidant 
ulfuate 
determination of iron. At the end of 
whic h 


remaining ore Wii 


determination, | ml for determination, and 
1 mil the 
an experiment 


during from five to eipht 


points were taken, the removed 
washed well with 


To pre vent complications due to hydrolysis of fer 


wate ce and att dried 


ric ions or of chlorine i Wi Ke pt below about 
trength 
carried out in the pre 


2. To maintain a y constant joni 


during a run 
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ce ul ‘ ‘ inert electrolyte. Although sodium 
cl adeal u purpose 
il ‘ i i iin NOTK i t bette 
jluted an Ke practical conditior and, in the 
it i] ‘ ‘ | i thie p ecip ol id 
lite chio anda nyadroct! rie cid 
‘ obtained mia tical rude Ource ama 
rie taken trom ua cylindse 
ined lelert rit rie i 
i spect photorme technique developed espe 
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pyrite, giving an estimated surface area 


initial volume of be 
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cm, reacted with an 
910 924 cu 
the 
value 
of Eq. 1, 
arious experimental condition 
The pH 1s seen to 


for which b, 


tween and em of a solution, 
respe ct to chioride, 


The 


nteyrated form 


cations 
calculated, using the 


Table I for 


adrogen ion 


are given in 
no effect on the reaction 
Kg 3, has a value of 1.2 The 
tivation between 10° and 40 C, as deter- 
om the Arrhenious plot, Fig. 4, 1s 4900 cal 
This mean for a diffu 
controlled 


have 
mean en- 
er, ol a 
mined 
pel 


mol value is reasonable 


reaction in aqueou olutions, and 


the slope omewhat I at lower temperatures, in 
harmony with expectation To confirm that the 
kinetics found with chlorine were diffusion con- 


chlorine 
pyrite to 


trolled, a few experiments were made using 


dioxide solutions which also reacted with 


vive only ulfate Avain the energy of activation, 
Fig. 4, was 4900 cal per mole and the bh factor 1.2 
The K, value for chlorine was 1.85 times the K, 


value for chlorine dioxide under identical experi- 
mental condition which is not an unreasonable 
value for the ratio of the diffusion coefficients as pre- 
dicted by Eq. 2 

The present study has been made in some detail 
to establish a norm for transport control behavior 
before studying the more complex reactions ol othe! 
ore uch us galena where mixed transport and 
chemical control can occur and elementary sulfur 


general 


The 
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found as an oxidation product 
the 


proof of the general adequacy) 


may be 
present experiment factory 
of the 
and experimental technique 
unfortunate that ulfate 1 


with chlorine Thi 


precision of 


apparat is, ana 


only produced 


It 1 


from pyrite wate! il occul 


miners 


in nature associated to some degree o1 other with 
most other ulfide ore and its oxidation to sulfate 
economically wasteful of oxidant, using up 7% 


of chlorine for each mole of pyrite attacked 
16H.O=2Fe”™ +30Cl + 32H’ +450, 


mole 
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Banquet to Highlight 
Steelmaking Meeting 


Edward A. Livingstone is to be 
the featured speaker at the annual 
fellowship dinner on December 5, 
one of the highlights of the 15th 
annual Electric Furnace Steel Con- 
ference to be held December 4 
through 6, at the Penn-Sheraton Ho- 
tel, Pittsburgh 

Mr. Livingstone is vice president, 
Babcock and Wilcox Co., and head 
the Tubular Products Div., Beaver 
Falls, Pa. Toastmaster for the eve- 
ning will be Stanley M. Norwood, 
assistant to the president, Electro 
Metallurgical Co., Div. of Union Car- 
bide Corp., New York 

The conference will open on Wed- 
nesday morning, December 4, with 
a plant trip to Beaver Falls, Pa, 
where conferees will inspect the op- 
erations there of Babcock and Wil- 
cox Co. Luncheon will be provided 
by the company and buses will give 
transportation to and from the Pitts- 
burgh meeting headquarter! 

Interesting technical sessions are 
planned for the next two days of 
the conference. Some of the subjects 
to be covered on Thursday, Decem 
ber 5, include nitrogen in electric 
furnace steel and refractories. There 
will be an ingot session on vacuum 
metallurgy covering electric are fur- 
nace practice variables on quality, 
a castings session on foundry prac- 
tices, and one on economic utilization 
of power on Friday, December 6 

The preliminary program for the 
meeting will appear in JOURNAL OF 
Metats, November, and the final 
program in the December confer- 


ence issu¢ 


New Engineering Center 


The architects and consulting engi- 
neers for the new United Engineering 
Center Building have been chosen 
The architects are Shreve, Lamb & 
Harmon Assoc. The mechanical en- 
gineers are Jaros, Baum & Bolles; the 

tructural engineers are Seelye Stev 

enson Value & Knecht. The new 
center will be located on First Ave 
near the U. N. buildings 


The Programs Committee of 
IMD has announced that pro- 
Zramming of research paper 
based on submission of a 200 
to 300-word abstract will be 
continued at the AIME Annual 
Meeting February 1958 
Author hould submit thei 
abstract in three (3) copie 
prior to Nov. 15, 1957, to 

IMD Programs Committee 
The Metallurgical 
Society of AIME 
Room 912 

29 West 39th Street 

New York 18,N_Y 
The abstract hould not 
clude photographs, graphs, 
diagram 

This is the procedure that 
was followed for the IMD 1957 
Fall Meeting and was discussed 
fully on p 651 of the May is- 
uc, JOURNAL OF METALS 


High-Temperature 
Group Plans Symposium 
For Annual Meeting 


The IMD High Temperature Alloy 
Committee is planning 4 symposium 
on Processing of High-Temperature 
Alloys for the AIME Annual Meeting 
in February 

The symposium will include con 
tributed paper on the arts and 
cence of the melting 
working, and heat treating of high 
and the relation 

proce ingg Op 


casting 


temperature alloy 
hip between these 
erations and propertie 

The committee wishes to encour- 
age the IMD membership to submit 
abstracts related to these 
cording to the 
cribed in the Editorial, JOURNAL OF 
MetTaLs, May 1957, p. 651. (Send 
three copie of abstract 200 to 300 
words, to IMD Programs Committee, 
Metallurgical Society of AIME, 29 
W. 39th St.. New York 14, N. Y 
Attention: High-Temperature Alloys 
Committee.) Abstract hould be 
ubmitted on or before Nov. 15, 1957. 

(Continued on page 1390) 


new procedure ade 


Prof. Wilson to Talk 
On Ancient Egypt At 
Annual IMD Banquet 


At the November IMD meeting in 
Professor John A. Wilson 
peaker at the Fellowship 


Chicago 
will be the 
Dinner 

A professor in Egyptology at the 
University of Chicago, Prof. Wilson 
will examine those clements of the 
incient Egyptian culture which are 
till influential in contemporary life 
Thu he has titled his talk, Five 
Thousand Years of Modern Egypt 
He will also discuss the intellectual 
achieverments and limitations of the 
Egyptians in relation to their own 
culture 

In accordance with the 
procedure of presentation of papers 
detailed in the May issue of JOURNAI 
or METALS, five essions have been 
cheduled, based on the submission 
of research abstracts; a total of 48 
papers will be presented 

Also experimenting with the new 
Com 


changed 


program method will be the 
mittee on Chemistry and Physics of 
Metal Which has based it essions 
of Monday and Tuesday afternoon: 
on research abstract The Monday 
afternoon ession will be on. the 
Structure of Solid Solutions The 
ession on Tuesday afternoon will be 
on the Scrence of Metal Hardening 
Fourteen papers have been scheduled 
for these two se ion 


Varied Program for 
Rocky Mt. Conference 


Mountain Confer 
from Oct 
there will be in 
technical 


At the Rocky 
ence to be held at Denver 
10 to v. I, 1957 
teresting combination of 
ocial event 
hould be the 
well a 
4 panel on uranium mining. A paper 
by John Q. St. Clair will be pre 
channe!| ampling for 


i and 
ot pecial interest 
yinposium on metallurgy a 


ented on 

A trip to Coor srewery in Golden 

ind a football game 


will climax the conference 


homecoming 
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Post-Annual Meeting 
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proce chemistry, and recent devel 
pments in the growth of the indus 


e W. R. Paxton presented a Brief 
Case for Busine at the September 
4 meeting of the San Francisco Sec- 
tion at the Engineer Club, San 
Francisco The program wa pro 
vided by Standard Oil Co. of Cali 
fornia. Second topic for the evening 
Wi eather, presented by a sound 
ind color film which illustrated the 
origu development and conse- 
quence of weather Dinner pre- 
technical 


This New World of Metals is a 16- 
mm sound color film which runs 2 
min, available free except for ship- 
ping expenses, from the Motion Pic- 
ture Dept., Westinghouse Electric 
Corp., 3 Gateway Center, Pittsburgh 
30, Pa. America’s very survival 
might well depend upon our devel- 
opments in the field of metallurgy, 
where metals are being subjected to 
rigid conditions such as the tremen- 
dous stress and skin temperature of 
today’s high flying jet planes. This 
interesting film is a guide through 
one of America’s newest pilot pro- 
duction facilities for the research, 
development, and processing of new 
metals and alloys. 


{pplication of Induction 
Heating is a new 16-mm sound color 
film which runs 15 min, available 
free except for shipping charges, 
from the Motion Picture Dept., West- 
inghouse Electric Corp, 3 Gateway 
Center, Pittsburgh 30, Pa. This fac- 
tual film shows the advantages and 
the success of RF heating when this 
process is used to through-heat, 
harden, anneal, solder, or braze 
metals. In actual operations, you see 
the varied applications of RF heat- 
ing for the manufacture of metal 
parts and assemblies. Case histories 
are presented showing advantages 
and economies for heat-treating 
metals. 


Education 
(Continued from page 1391) 


Project Grants in Aid of Educa- 
tion—-$70,000. Previous project grants 
were continued and new one were 
added, including provision for the 
Commission on Colleges and Indus- 
try of the Assn. of American Col- 
lege the Council for Financial Aid 
to Education, the Institute for Inter- 
nationa Education the Assn. of 
College and Reference Libraries, 
ind a project for stimulation of 
ilummni giving 

Major Capital Grant Authoriza- 
tion of $665,000 for payment in 1957 
nd, additionally commitment of 
$525,000 payal le in later years, for 
endowment building equipment, 
ind other facility needs of 16 out- 
tanding universitie liberal arts 

rllege women colle engineer- 


ing schoo! and other institution 
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PERSONALS | 


Marshall Sittig, president and man- 
aging director of the American Lithi- 
um Inst. Inc., has been appointed 
chairman of a symposium on alkali 
metals to be held at the 133rd Na- 
tional Meeting of the American 
Chem. Soc. slated for San Francisco 
in April 1958 


Bradley B. Evans announced his re- 
tirement as president of the Alloy 
Casting Inst at the Institute's 
twenty-fifth annual meeting He 
hall be succeeded by F. M. Fahren- 
wald, president and chairman of the 
board of the Fahralloy Co., Harvey, 
Ill. Paul L. MeCulloch, Jr., president 
of the Electro-Alloys Div., American 
Brake Shoe Co., Elyria, Ohio, was 
elected vice president. E. A. Schoe- 
fer, Mineola, N. Y., was re-elected 
executive vice president and treas 
urer of the Institute. Two new mem 
bers, Frank Kiper, president of 
Michigan-Standard Alloy Casting 
Co., Detroit, and J. B. Dear, sales 
manager, the Duraloy Co., Scotts 
dale, Pa., were named to the Insti 
tute’s board of directors. Of special 
interest to those attending the meet 
ing was a report given by P. R. 
Gouwens, chairman of the ACI 
Technical Research Committee 


H. P. Hughes, formerly technical 
consultant for the Union Carbide 
Ltd., in London, has left to take a 
position in Scotland 


William A. Steel, vice president in 
charge of operations, has been pro 
moted to executive vice president 
of Wheeling Steel Corp. Paul W. 
Koenemund wil! succeed him as vice 
president in charge of operations 


John C. McDonald, assistant techni 
cal director of the Dow Chemical 
Co.'s magnesium department, re 
annual Willard H. Dow 
Award for research in 


ceived the 
Memorial 


magnesium 


Charles L. Schmidt has been pro 
moted from assistant to full techni 
cal director of the Titanium Div., 
National Lead Co 


John M. Ohno has left the Kaiser 
Stee! Corp. to take a position with 
the research laboratories at Allis 
Chalmer Manufacturing Co, Mil 
waukee 


Roy Dahlstrom has been appointed 
director of research of National Lead 
Co. He was formerly technical di 
rector of the Titanium Div 


J. B. Dempsey has been named a 
vice president of the Speedway 
Manufacturing Div. of the Thor 
Power Tool Co., Chicago 


Thomas M. Kaneko is no longer with 
Union Carbide Nuclear Co., but is 


now associated with the U. S. In- 
dustrial Chemicals Co., Cincinnati 


J. M. Gaines has been appointed as- 
sociate technical director of the 
Linde Co.; he was formerly director 
of research 


Herbert H. Johnson, Jr., has left the 
department of metallurgical engi 
neering at Case Institute of Tech 
nology and is now with the depart- 
ment of metallurgy at Lehigh Uni- 
versity, Bethlehem 


James H. Jacobs has moved from the 
Ohio office of Electro Metallurgical 
Co., to its office in Niagara Falls, 
N. Y 


E. V. Peterson is no longer with the 
DuPont Co. at Dana, Ind., but is now 
research metallurgist with DuPont 
experimental Station in Wilmington, 
Del 


Reinhard P. Abendroth has been as 
signed to the Minerals and Chem) 
cals Engineering Group at Electro 
Metallurgical Co. He had held pre 
vious positions at the Eberhard Man 
ufacturing Co. and at the Los Ala 
mos Scientific Laboratory. Edward 
L. Harmon, previously a research 
assistant at Case Institute of Tech 
nology, has been assigned to the 
Metals Research Group 


Robert B. Steck is now associated 
with the Titonium Metals Corp. of 
America as a development engineer, 


in Las Vegas, Nev 


H. L. Talbot, consulting metallurgi 
cal engineer, has changed his office 
address to Room 911, 209 Washing 
ton St., Boston 8, Mass 


Thomas H. Wickenden, retired vice 
president of The International Nick 
el Co. Inc., was honored by Denison 
University. He was given the degree 
of doctor of 


science 


M. Robert Herman, assistant to the 
vice president in charge of American 
Smelting & Refining Co Federated 
Metals Div., named vice president 
of the newly acquired Enthone Inc 
ubsidiary. G. M. Bauman, former 
assistant to the vice president in 
charge of the Federated Metals Div., 
will now head the new Central 
Aluminum Dept. with the title of 
General Manager 


Wylie J. Childs has resigned as pro 
fessor of metallurgical engineering 
and department head at Lafayette 
College to accept a post as associate 
professor, Renssalaer Polytechnic 
Institute, Troy, N. Y 


A. L. Lind has been appointed chief 
draftsman, Rolling Mill Div., E. W 
Bliss Co. He had been project engi 
neer at the division 


Wilmer Witt has transferred from 
Bishop, Calif., to the Uravan, Colo., 
office of Union Carbide Nuclear 
Corp 


James L. Shore has become research 
metallurgist, Climax Molybdenum 
Co., Climax, Colo 


Jan A. Vermeulen has retired from 
the Mining Equipment Corp., New 
York 


Craig G. Kirkpatrick, formerly with 
Collins Radio Co., Burbank, Calif., 
has accepted a position as metallu 
gist with Research Chemicals Inc. in 
the same city 
Upendra Bhrany has joined 
Brunswick Mining & Smelting 
Corp., Ltd., Bathurst, Canada. He 
had formerly been associated with 
Columbia University School _ of 
M.nes, New York 


William P. Roe, formerly with the 
Southern Research Inst., Birming 
ham, has joined American Smelting 
& Refining Co Central Research 
Laboratory, S. Plainfield, N. J 


Frank Jacobs, Jr., has accepted the 
position of senior engineering su 
pervisor, Metallics Materials Section, 
Aircraft) Corp, Garland, 
Texas. He was formerly associated 
with Boeing Aircraft Co. as lead 
engineer in charge of the metallur 
gical laboratory 


Lemco 


William A. Anderson has been pro 
moted to assistant chief of the Phys 
ical Metallurgy Div., Aleoa Research 
Laboratories. He has been employed 
at the laboratories since receiving 
his doctorate degree from Carnegie 
Institute of Technology in 1943 


Richard W. French, Jr., has been 
elected president of United Carbon 
Corp. He previously has been vice 
president in charge of production for 
Standard Oil Co. of Ohio 


Several changes in the board and 
officers have been made in the At 
las Powder Co. of Wilmington, Del 
Directors of the company elected 
D. J. Carroll Copps as senior vice 
president and John H. Leary, for 
mally assistant to the financial vice 
president, was appointed assistant to 
the president 


Robert C. Bertossa, research metal 
lurgist, Stanford Research Inst., 
Menlo Park, Calif., spoke at the San 
Francisco meeting of ASME in June 
on vacuum metallurgy 


Charles D. Preusch, formerly foun 
dry metallurgist, Spaulding Works, 
has been named chief metallurgist 
at the works, Crucible Steel Co., 
Harrison, N. J 


Francis B. Foley, consulting metal 
lurgist to International Nickel Co., 
has accepted an appointment as ex 
ecutive metallurgical engineer with 
the Penecoyd Steel & Forge Corp., 
Philadelphia 


Lawrence S. Darken has been ap 
pointed as director of U. S 
Steel Corp.'s Fundamental Research 


ociat 
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PROFESSIONAL SERVICES 


Limited to AIME members, or to companies that have at least one AIME member on 


their staffs 


Rates $40 per year per inch 


ALLOY METAL PRODUCTS, INC 


Consultants 


Rockingham Road Davenport, lowa 


H. L. TALBOT 


Consulting Metallurgical Engineer 
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Room 911, 209 Washington 
Boston 6, Mass 


MAX STERN 


Consulting Engineer 


10 East 40th St New York 16,N_Y 
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Reqistered Japanese Patent Attorney 4 
Consulting Engineer 
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Central P.O. Box 1545 Tokyo, Japan 
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COMING EVENTS 


Oct. 11, AIME, NOHC Eastern Local 
section technical meeting, Shera 
ton Hotel, Philadelphia 

Oct. 11-12, AIME Niagara Frontier 
eection meeting and football 
game, Cornell University, Ithaca 

N Y 

Oct. 16, AIME New York Local Sec 
tion, Physical Metallurgy Group, 
plant trip, IBM, Poughkeepsie, 
N. 

Oct. 18-19, AIME, NOHC Southern 
Ohio Local Section, annual meet 
ing, Deshler-Hilton Hotel, Colum- 
bus, Ohio 

Oct. 30-Nov. 1, AIME Rocky Moun 
tain Minerals Conference, Denver 

Nov 1, AIME, NOHC Pittsburgh 
Section, AIME Pittsburgh Section, 
Soc. of Western Penn 

annual Off-the-Record 
Meeting 
Pittsburgh 

Nov. 2-8, Second World Metallurgi 
cal Conpre Sherman Hotel, Chi 

Nov. 3-7, AIME, IMD Fall Meeting 
Morrison Hotel, Chicago 

Nov. 5, AIME, Iron and Steel Divi 
sion, Technical Sessions, Morrison 
Hotel, Chicago 

Nov. 12, AIME, NOHC Buffalo Local 
Section, annual meeting, Royal 
Connaught Hotel, Hamilton, Ont., 
Canada 

Nov. 18-21, Conference on Magnetism 
ind Magnetic Materials. Sponsor 
NIEE in cooperation with AIME 
American Physical Soc IRE, ONR 
Hotel Sheraton-Park, Washington 

Nov. 20, AIME Niagara Frontier 
Section, annual Frank J. Tone 

vard Meeting Buffalo 

Nov. 21, AIME Utah Section, panel 
discu on: Mining Industry: Neu 
Method Machine and Mate 
Moderator N We 
panel J LD. Moore a Rosenblatt 
PK. Richard n, Hl. Mathew 

Nov. 26, AIME Connecticut Section 
tudent night, speaker: K. H. Mair 
University of Rhode Island ub 
ject: Problen n Nuclear Metal 
lurgu; Town House, New Haven 
Conn 

Dec. 4-6, AIME, 15th Electric Fur 
nace Steel Conference, Penn-Sher 
aton Hotel, Pittsburgh 


Feb. 16-20, 1958, AIME Annual Meet 


ing, Statler and Sheraton-Mi Alpin 


Hotels, New York 

Mar. 17-21, EJC Nuclear Conere 
International Amphitheatre, Chi 
cago 

Apr. 14-16, AIME, 4lst National 
Open Hearth Steel and Blast Fur 
nace, Coke Oven, and Raw Mate 


rials Conference, Hotel Statler, 


Cleveland 
May 5 6, AIME Conference on Prop 
erties of High-Strength Steel 
Penn-Sheraton Hotel, Pittsburgh 
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electric smelting furnaces 


Now...world-famous 
Demag design 
built by Lectromelt* 
Pittsburgh, U.S.A. 


Demag design has no equal for smelting 
Operations and now these way-ahead 
furnaces are constructed for you by 
Lectromelt, America’s outstanding pro- 
ducer of electric furnaces. The unmatched 


Lectromelt-Demag combination of skills 


affords new highs in smelting ethiciency, 


economy and satety. 


Control of electrode holding and slip 
Ping, contact clamping, gas pressure 
regulation, electrode movement and root 


lifting are all greatly simplified . . . these 


Operations are mainly automatic and 


adaptable for remote control. 


Low-le vel electrode clamps reduce elec 
tric losses. Hydraulic Compression of 
contact ¢ lamps insures unitorm pre ssure, 
prevents distortion of electrode jacket 
Automatic slipping with furnace in full 
operation replaces production slowing 


methods used in less efficient designs 


Gas-tight passage of movable electrodes 
through roof forms an effective seal, free 
from friction. All valuable furnace gas ts 
recovered for reuse. Root lifting gear 
allows constant check of interior furnace 


conditions 


Lectromeltengineers welcome inquiries 
regarding turnace requirements 
Contact Lectromelt Furnace Division, 
McGraw-Edison Company, 326 42nd 
Street, Pittsburgh 40, Pennsylvania. 


*Reg. TM U.S. Pot. OF. 
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THE NATURAL CARBON SOURCE 
THAT IS NEVER HARMFUL 
TO HANDLE... 


for furnace charge or recarburization 


you just can't beat non-toxic, natural RECARB-X! 


RECARB-X, a closely controlled product of natural Graphite, is 


made from selectively-mined graphite ore. RECARB-X is never 


harmful to handle or use! 


this high factor of safety, plus its low volatility and 


freedom from harmful or unwanted elements make it the perfect choice 


for use in acid or basic open hearth and electric steel melting processes. 


RECARB-X is a dependable recarburizer over an extremel 


wide range ... whether it be 2 points or 20 points. Results are always 


uniform and consistent. 


RECARB-X produces no violent 


reaction and has top resistance to oxidation. 
p 


It dissolves quickly, quietly, and easily in molten steel. 


the aid given by RECARB-X 


in producing steel to close carbon specifications 


more than pays for its cost! 


Packed in strong, 50-lb. sacks. Prompt delivery of all orders. 


The brilliant red bag with the USG seal identifies the genuine 


RECARB-X ... a product of one of nature's finest lubricants; 


graphite! Write today for Engineering Bulletin No. 11. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW MICHIGAN 
GRAPHITAR® © GRAMIX” sinterco parts © MEXICAN” crapnite prooucts USG” erusnes 
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